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TO THE READER: 


This FIFTH Edition contains the data of following new devices in addition to the 
descriptions in FOURTY Edition. 


1. DRAM 3. SRAM 
MSM511000A | MSM51257AL 
MSM511001A MSM51257ALL 
MSM511002A 
MSM514256A 4. MROM 
MSM514258A MSM534000A 
MSM514100 MSM534001A 
MSM514102 MSM534002A 
MSM514400 
MSM514402 s SEGNY 

MSM28C256 


2. SIMM/SIMD 


MSC2312A-XXYS9/KS9 


6. ASMP 
MSC2313A-XXYS8/KS8 MSM514212 
MSC2320A-XXYS9 MSM510262 
MSC2321A-XXYS18 
MSC2328A-XXYS2/KS2 
MSC2331 A-XXYS3/KS3 


MSC2340-XXYS9/KS9 
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usisai000 | 1m | uly ttc | 121,.07%%@ | 28 | 250 | 250 | eavoss | 16 
cn 
cn 


< 
op) 
<= 
Ww 
© 
NO 
ol 
o>) 
mal 
c 
< 
w 
~- 
je) 
ay 
i?) 
Ww 
i 
~“ 
© 
©O 
x< 
© 
NO 
8 
8 


arc — 
s_| uly State | 22,46x16 | 40 | 200 | 200 | 276/085 | os | 
3 a0 rs 

3 a 

ane! 


Fam [uty site| 262,48n16 | 40 | 150 | 150 | 274/020 | 15 
iusmsaaoora | aM [Fuly Siac] 524.2806 | a2 | 150 | 160 | 276/028 | 
[aw [Futy Sic] 262,4@x16 | 40 | 160 | 150 | 276/028 | +5 
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e EPROMS 


Pasi 
Mem- onsump- 
ad ate Memory tion . 
Model Name |.°°Y | Circuit | Configura- MAX | Supply | Equivalent 
a Function tian (mw) Device 
Operating/ 
Standby 


MSM27128A | 128k | EPROM 
MSM27256 256k | EPROM 2 
MSM27512 512k 65,536x8 | 2 
MSM271000 PROM 3 
MSM271024 PROM 


8 

8 

8 
MSM27C256 256k PROM 32,768x8 

MSM27C256H 256K PROM 32,768x8 28 

' 0) 

2 

8 


100 
00 [176/085 [os | 270210 


a 
100 | 385/28 


27C220 


80 | s80/26 
50 


| 150_| 
170 


2 
2 


8 


2 


esse ses 


< 
ep) 
< 
iS) 
~ 
ro) 
rs 
> 

N 

© 


MSM27C1024 PROM | 65,536x16 | 4 


MSM27C2000-10 
MSM27C2000-12 | 2M EPROMS 262,144x8 3 
MSM27C2000-15 


MSM27C2048-10 
MSM27C2048-12 | 2M EPROMS 131,072x6 
MSM27C2048-15 

k 


MSM2764AZB PROMS | 8,192x8 2 
MSM27128AzZB_ | 128k | EPROMS | 16,984x8 
MSM27256 256k | EPROMS | 32,768x8 


MSM275122ZB 512k | EPROMS 65,536x8 


MSM271000ZB EPROMS | 131,072x8 


MSM2710242ZB EPROMS | 65,536x16 
MSM27C256HzB | 256k | EPROMS | 32,768x8 | 2 


m 


55 
1 


1 


NO 


@) 


No = lc —_= 
S|S/3/s 8 


8 


; 
| 150 | 525/184 
ll 


2 
2 
3 


8 
8 
2 
8 
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e E7PROMS 


Power 
| Num- 
. Memory =H of Cece ope Ue: Fone! = , 
ircuit . 7 ins ime upply | Equivalent 
Mode! Name Function Configura per MAX Voltage | Device 
tion Pack- (mw) (V) 
, aac Operating/ 
g Standby 


*250 **1.0 | 16.5/0.55 CAT93C46 


CAT93C46I 


CAT59C11 
16.5/0.55 CAT59C1 11 


MSM16811P 1k | epRom | 64x16 or *250 
128x8 
64x16 or 
2 % 
MSM16911 E2PROM 128x8 i ie 250 
64x16 or 
2 
128x16 or 
2 
MSM16812 E2PROM 256x8 ae 
128x16 or 
2 % 
MSM16912 E2PROM 256x8 ge 1000 
MSM28C16A-15 150 150 
16k E2PROM 2,048x8 24 
MSM28C16A-20 200 
MSM28C64A-15 150 
64k E2PROM 8,192x8 28 ; 


MSM28C64A-20 00 


*: Clock Frequency MAX (kH) 
**: Clock Pulse MIN (us) 


**1.0 | 16.5/0.55 


**1.0 | 16.5/0.55 
*250 **1.0 
*1000 | **0.25 


**0.25 


16.5/0.55 CAT35C202 
X2816A 


X28C64A 


165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 


ho NO 
Q Q 
O O 


Power 
Consump- 
tion 
MAX 
(mw) 


@ ASMP 
Operating/ 


Model Name _| 
Standby 
MSM514212-28 28 
MSM514212-34 | 40k | ASMP 5,048x8 | 28 34 
MSM514212-50 | 50 | 50, 600/28 
MSM514221-3 275/28 
im | asmp | 262,263x4 
MSM514221-6 275/28 


: | 60 
Tie is0 | 00728 
Tao |e | o0oree 

256k | ASMP 65,536x4 | 24 | 100 | 


Memory 
Configura- 
tion 


Circuit 
Function 


MSM51C262-10 175 | 550/44 
MSM51C262-12 205 | 468/44 
MSM514201 ASMP | 1,048,576x1 


MOS MEMORY | ii 


HANDLING 
PRECAUTIONS 


1. STATIC ELECTRICITY COUNTER- 
MEASURES 


Since voltage is generally controlled by means of the 
transistor gate oxide film in MOS memories, the input 
impedance is high and the insulation tends to be de- 
stroyed more readily by static electricity. 

Although Oki MOS memories incorporate built-in 
protector circuits to protect all input terminals from 
such destruction, it is not considered possible to give 
complete protection against heat destruction due to 
Overcurrents and insulation film destruction due to 
irregular high voltages. It is, therefore, necessary to 
observe the following precautionary measures. 

1) Under no circumstances must voltages or currents 
in excess of the specified ratings be applied to any 
input terminal. 

2) Always use an electrically conductive mat or ship- 
ping tubes for storage and transporting purposes. 

3) Avoid wearing apparel made of synthetic fiber 
during operations. The wearing of cottons which do 
not readily generate static electricity is desirable. 
Also avoid handling devices with bare hands. If 
handling with bare hands cannot be avoided, make 
sure that the body is grounded, and that a IMQ 
resistor is always connected between the body and 
ground in order to prevent the generation of static 
electricity. 

4) Maintaining the relative humidity in the operation 
room at 50% helps to prevent static electricity. 
This should be remembered especially during dry 
seasons. 

5) When using a soldering iron, the iron should be 
grounded from the tip. And as far as possible, use 
low power soldering irons (12 V or 24 V irons). 


2. POWER SUPPLY AND INPUT SIGNAL 
NOISE 


2.1 Power supply noise absorption 


In dynamic memories, the flow of power supply 
current differs greatly between accessing and standby 
modes. 

Although very little power is consumed by CMOS 
memories during standby mode, considerable current 
is drawn for charging and discharging (instantaneous 
current requirements) during access mode. In order to 
absorb the ‘‘spike noise’’ generated by these current 
requirements, the use of relatively large capacitance 
capacitors (about one 10uF capacitor for every 8 to 
10 RAMs) is recommended along with good high fre- 
quency response capacitors of about O.1uF for each 
memory element. Power line wiring with as little line 
impedance as possible is also desirable. 


2.2. Input signal noise absorption 


Overshooting and undershooting of the input signal 
should be kept to a bare minimum. Undershooting in 
particular can result in loss of cell data stability within 
the memory. For this reason, 


1 MOS MEMORY HANDLING PRECAUTIONS 


(1) Avoid excessive undershooting when using an 
address common bus for memory board RAMs and 
ROMs. 

(2) Since noise can be generated very easily when using 
direct drive for applying memory board RAM 
addresses from other driver boards, it is highly 
recommended that these addresses be first received 
by buffer. 

(3) Methods available for eliminating undershooting 
generated in the address line include 
a) Clamping of the undershooting by including a 

diode. 
b) Connect 10~ 202 in series with driver outputs. 
c) Smooth the rising edge and falling edge wave- 
forms. 


3. CMOS MEMORY OPERATING 
PRECAUTIONS 


3.1. Latch-Up 


If the CMOS memory input signal level exceeds the 
Vcc power line voltage by +0.3V, or drops below the 
ground potential by -0.3V, the latch-up mechanism 
may be activated. And once this latch-up mode has 
been activated, the memory power has to be switched 
off before normal operating mode can be restored. 
Destruction of the memory element is also possible if 
the power is not switched off. 

Although Oki CMOS memories have been designed 
to counter these tendencies, it is still recommended that 
input signal overshooting and undershooting by avoided. 


3.2 Battery Back-Up 


Take special note of the following 4 points when 
designing battery back-up systems. 

(1)Do not permit the input signal H level to exceed 
Vcc +0.3 V when the memory Vcc power is dropped. 
To achieve this, it is recommended that a CMOS 
driver using a Vcc power common with the CMOS 
memory, Or an open collector buffer or open drain 
buffer pulled-up by a Vcc power common with the: 
CMOS memory be used for driving purposes. 

(2) Set the chip select input signal CE to the same H 
level as the CMOS memory Vcc power line. And in 
order to minimize memory power consumption, set 
the write enable input WE level, the address input 
and the data input to either ground level or to the 
same H level as the CMOS memory Vcc power line. 

(3) Make sure that the CMOS memory Vcc power line is 
increased without “ringing’’ or temporary breaks 
when restoring the battery back-up mode. 

(4)When using synchronous type CMOS memories 
(MSM5115, MSM5104), make sure that accessing 
Occurs after elapse of the chip enable off time (tg) 
prescribed in the catalog after the Vcc power line 
has reached the guaranteed operating voltage range. 
For further details, refer to ‘CMOS Memory Battery 

Back-up” at the end of this manual. 
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MASK ROM CUSTOMER PROGRAM 


SPECIFICATIONS 


The mask ROM custom program code 
programming. method is outlined below. 


1. USABLE MEDIA 
(1) Magnetic tape 
(2) EPROM 
Magnetic tape and EPROM are used as standard. 


2. MAGNETIC TAPE SPECIFICATIONS 

2.1 Use the following types of magnetic tape in mag- 
netic tape units compatible with IBM magnetic tape 
units. 


(1) Length: 2400 feet, 1200 feet or 600 feet 
(2) No label 
(3) Width: 1/2 feet 


(4) Channels: 9 channels 

(5) Bit density: 80O0BPI standard, although 1600BP! 
can also be employed. 

(6) Block size: Integer multiples of 256 bytes 
possible with 256 bytes as standard. 
1 block, 1 record is standard. 


2.2 Magnetic tape format 

(1) The data for a single chip should not extend into 
several tapes. Data for several chips are allowed to be 
included in a single magnetic tape, multiple file format 
being permitted. In this case, include the data of a 
single chip in one file. 

(2) Use tape marks for file partitions when employing 
multiple file formats. 

(3) Denote the completion of a magnetic tape file by 
two successive tape marks. 


2.3 Magnetic tape data format 

(1) The data contained in a single file on magnetic tape 
must be inserted from the head address (0000)he, of 
the device up to the final address in succession for a 
single chip. 

(2) In this case, the LSB of the data should correspond 
to D,, and the MSB to D,,. 

(3) ‘'1"’ bits in the data denote high device output, 
while ‘‘0’’ denotes low output. 


2.4 Magnetic tape examples 


Multi-file format (m chips) 


1-chip data file 1 


* : tape mark 


E 
* * O 
File m T 


—, 
— ee 


l 
R R R 
G S| Biséena |S). ‘Biecen 
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3. EPROM SPECIFICATIONS 


(1) MSM2764A, MSM27128A, MSM27256 or intel 
2764A, 27128A, 27256 equivalent device may be 
used. 


(2) Prepare 2 EPROMs containing identical data. 
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MASK ROM DEVELOPMENT FLOWCHART 


Mask ROM 
automatic 
designing program 


User's 
ROM data 


ROM data 
check list 


Examination Approval 


Mask ROM 
manufacture 


Engineering 


Test sample 
sampling shipment TAT* 


Examination 


Mass 
production 


Production 
shipment 
TAT* 


Shipment 


Oki Electric 


User 


*TURN-AROUND-TIME 
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TERMINOLOGY AND SYMBOLS 


1. PIN TERMINOLOGY 


Term EPROM Mask ROM Static RAM Dynamic RAM 


Vcc. Vpp Vcc Vcc Vcc Vpp. Vcc 


Power Supply Voltage Pin 


> 


Address Input Pin Ao ~ Ais Ao~ Az Ay ~ Ais 


2 
> 


A, ~ Ato 


0 


Data Input Pin 


9° 


Data Output Pin Oo ~ D OUT, O9 


1/00 ~ 


1/07 1/0, ~ I/O, DO; ~DQs 


Data Input/Output Pin 


Chip Enable Pin 


O 
m 


Output Enable Pin 


m 


LEED Le HE 
i " 
m 
S| Gl al 
2 | 
DD 
> 
i?) 


Address Enable Pin 


Chip Select Pin 


Write Enable Pin 


Ay 1 


Row Address Strobe Pin 


Column Address Strobe Pin 


Program Enable Pin 


Data Valid Pin 


Clock Input Pin 


vu 

) 

< 
= 
a 


Ground Pin Vss Vss Vss 


< 
2) 
ep) 


Vacant Terminal 


w > 
” 


7 
?) 
. 
oO 
= 
=) 
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2. ABSOLUTE MAXIMUM RATINGS 


Vcc. Vpp 


Power supply voltage 


a Co 
ae ee 
a 
a 
ae 
= a 
ee 
ee 


3. RECOMMENDED OPERATION CONDITIONS 


Power Supply Voltage 


“H"' Clock Input Voltage 
“H"' Input Voltage Vi 


Operating Temperature 
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4. DC CHARACTERISTICS 


Term 


EEPROM Static RAM Dynamic RAM 


Pramenne on foe | ve [vm | 

emer fe fe [f= 

a 

peowerm fs fy [wf 

fo [wf 

yr 
cc 


lecs. 'ccs1 |!'pp1-!'cc1.'BB1 
ICCA Ipp2-'!cc2.'!BB2 
Ipp3- 'cc3. !BB3 


IccA: Iccs 
Iccs1 


Icc. lect, 
Icc2 


ICCA: Ices. 
Iccs1 


Power supply current 


Ipp4. 'cc4. 'BB4 
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5. AC CHARACTERISTICS 
(1) Read cycle 


Term 


EPROM Mask ROM EEPROM Static RAM Dynamic RAM 


Address access time tacc tAA tac tAA 
nan 


Output setting time 


tOH 


toF tHZ tHz, tOHZ toTD. CTD 


TAS 


Output valid time 


Output disable time tOFF: tOEZ 


Address set-up time tASR: tASC 


o 
x 


Address hold time tRAH: tCAH 
Chip enable off time 
Chip enable pulse width 


Power-up time 


c 


tp 
Power-down time tpp 
Address enable pulse width 
Data valid access time 


Data valid delay time 


Clock delay time 


Clock pule width tras: tcas: twp 


Clock delay time 


tRCD’ ‘RAD 
Output delay time 
Output access time 
Output hold time 


Address enable set-up time 


Zz 


~ 
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(2) Write Cycle 


Term Static RAM 
twPe 


Chip enable off time 
Chip enable pulse width 
Write enable set-up time 


Write enable read time 


o> 


Data load time 
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8 PIN PLASTIC DIP (DIP8-P-300) ................05. sae unaeeieeaeaeeban seine 36 
16 PIN PLASTIC DIP (DIP16-P-300, DIP16-P-300-W1) .........cecccceeeccecueees 36 
18 PIN PLASTIC DIP (DIP18-P-300, DIP18-P-300-W1, DIP18-P-400)............... 37 
20 PIN PLASTIC DIP (DIP20-P-300-W1, DIP20-P-400) ............ccceceeceeeeces 38 
22 PIN PLASTIC SKINNY DIP (DIP22-P-300-S1) ........... cece cece cee cece eee: 38 
24 PIN PLASTIC DIP (DIP24-P-600) ......... 0. cece cece cece cececcuceceecuctees 39 
28 PIN PLASTIC DIP (DIP28-P-600) ............ cece cee ccc ceccececeeceueuaeuees 39 
32 PIN PLASTIC DIP (DIP32-P-600) .......... ccc cece cence cee ceeecuceueuceneues 39 
4O PIN PLASTIC DIP (DIP40-P-600) ........ 0... c cece cece cece nce ceeenceaecucees 40 
8 PIN PLASTIC SOP (SOP8-P-250-K) ........ cc ccc ccececcucecceceecuceuceenees 41 
28 PIN PLASTIC SOP (SOP28-P-430-K) ........ ccc ccceccececceceecuceeceuceces 41 
60 PIN-V PLASTIC QFP (QFP60-P-1519-VK) .........cc ccc ececceceececceceuceees 41 
26 PIN PLASTIC SOJ (SOJ26-P-300, SOJ26-P-350) 0.0.0.0... cece eee ee ee ee eee 42 
18 PIN PLASTIC QFJ (PLCC) (QFJ18-P-R290) ........ cece cece cece cette eee eens 43 
20 PIN PLASTIC ZIP (ZIP20-P-400, ZIP20-P-400-W1) ......ccccccceccceueeseeeees 44 
28 PIN PLASTIC ZIP (ZIP28-P-400) ........ 0. cece cece cece eeceacececeenceaeecs 44 
28 PIN CERDIP (WDIP28-G-600) ...... bas aat eet ee hatte ale Gen Ad lin eit ide 45 
32 PIN CERDIP (WDIP32-G-600) ..........cccceeeccccceeececeuueceeeueeseeeuan 45 
40 PIN CERDIP (WDIP40-G-600) ........ 00... cc cece cece cece ese cnceceucueeneas 45 
30 PIN SIMM (FOR MSC2304/2307YSQ) ......... cece ccc e cece enc eeceuceeeees 46 
30 PIN SIMP (FOR MSC2304/2307KSQ) ........ ccc cece cece eee c eee eeeeeeeeeees 46 
30 PIN SIMM (FOR MSC2304YS8) .......... ccc cece eee e cece cece eens eee eeeees 47 
30 PIN SIMP (FOR MSC2304KS8) ........... cece cece cece cece eee c ee eneeneeeeas 47 
30 PIN SIMM (FOR MSC2305YS18A)...........cc cece cece e ee eee fy hlde ceataestacaae 48 
30 PIN SIMM (FOR MSC2312AYSQ9) ......... cece cece cece cece e eee ee eee eeseeeaes 49 
30 PIN SIMP (FOR MSC2312AKSQ9) ........... cece eee cece cece cece nena eeeenes 49 
30 PIN SIMM (FOR MSC2313AYS8)...... eens ae tar amen ace Geen aeaneaseanee 50 


30 PIN SIMP (FOR MSC2S1SAKS8) is. 5c Seite oes a snenes te cease eee ews 50 
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PLASTIC QFP | PLASTIC SOJ 
SKINNY DIP 
QFJ18-P- 
QFJ18-P- 
QFJ18-P- 


MSM41464 DIP18-P-300 


MSM51C256 | DIP16-P-300 | P-300 


Pre ee p. =} p- pan P-400 

MsMms511001A | 300-1 300 

MSMS511002A 

|MSM514256A | DIP20-P- 50J26-P- _| ZIP20-P-400 
cc 
ewer P-400 50J26-P- _| ZIP20-P- 

ia form P-400 50J26-P- ‘| ZIP20-P- 
Liisa 
MSC2312A(9) 30 PIN 
= aa 
ee ee ee = 
ae oe oe 


SOP28-P- 
DIP22-P- 
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PACKAGES 


DIPPLASTIC ae PLASTIC DIP CERDIP 
SKINNY DIP PLASTIC QFP =} PLASTIC SOJ 

DIP28-P-600 | SOP28-P- 
DIP28-P-600 


MSM53256 DIP28-P-600 Fo oC] 


QFP6O- p- 


|MSM531001 | DIP32-P- } DIP32-P-600 | 


MSM534000 DIP40-P-600 
=— 


'MSM2764A Cd 


|MSM27C256 |MSM27C256 —_| Dip28- p- ae WDIP28-G- 
MSM27C256H 600 


ee iced al P-600 
|MSM27256ZB | 
oe |MSM275127B 
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—aa ES 


| zs | as | ksivs 


a 
PLASTIC QFP PLASTIC SOJ 
SKINNY DIP 


| MSM271024ZB | | DIP40-P-600 | P-600 


ae |MSM27C256ZB | DIP28-P- poser 
MSM27C256 
HZB 


lmsmiesii | |MSM16811 | Dipg- p- | DIPB-P-300 | oe: P-250- 
|MSM16811P | 1P 
a 1P 


/MSM16812 —_| DIP8- P- — 8 PIN 
PLASTIC 
MSM16912 ane * 


MSM28C1 |MSM28C16A | DIP24-P- | DIP24-P-600 | 


a P- 


[MM28C256__| DIP28-P-600 i ae 
[MSM514212 | = —_—_‘| ZIP28-P-400 —— 


—— P. ee P- 


| =| Z1P28- P- } ZIP28-P-400 | 


pons ERE PIN 
QFJ18-P- 
R290 
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PLASTIC DIP 


8 PIN PLASTIC DIP 
DIP18-P-300 


@) @® 
‘i @ ® 
Index Mark 


8.7040. 30 


16 PIN PLASTIC DIP 
DIP 16-P-300 


16 PIN PLASTIC DIP 
DIP 16-P-300-W1 


19. 1040. 30 


Seating Plane 
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PLASTIC DIP 


18 PIN PLASTIC DIP 
DIP18-P-300 


7.6240. 30 
0, 26 °9. 15 
alescty 0~15° 


18 PIN PLASTIC DIP 
DIP 18-P-300-W1 


22. 6040. 30 


1.2740. 10 7. 6240. 30 
fee eee ee 


1. 14TYP 0 
0. 25.9" 15 
atest 0~1 5 


18 PIN PLASTIC DIP 
DIP 18-P-400 


22. 6040. 30 


10. 1640. 30 
025-945 


Seating Plane 
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PLASTIC DIP 


| 20 PIN PLASTIC DIP 
2 pip20-P-300-w1 | ®  —__ 


7.62+0. 30 


0. 762TYP 


20 PIN PLASTIC DIP 
DIP20-P-400 


0. 762TYP 


22 PIN PLASTIC SKINNY DIP 
DIP22-P-300-S1 


1. 11940. 10 


0.735TYP 


Seating Plane 
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PLASTIC DIP 


24 PIN PLASTIC DIP 
DIP24-P-600 


15. 240. 30 


0-15" 


28 PIN PLASTIC DIP 
DIP28-P-600 


13. 70#0. 30 


15. 2440. 30 


eats \ 


Ss 0~15" 


32 PIN PLASTIC DIP 
DIP32-P-600 
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PLASTIC DIP 


40 PIN PLASTIC DIP 
DIP40-P-600 


Seating Plane 
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PLASTIC SOP/QFP 


8 PIN PLASTIC SOP 
SOP8-P-250-K 


Index Mark 


@) 
0. 60TYP 


+0.10: 

0. 15-0. 05 
So 
a 
3 


Seating Plane 


0.5240.20 


28 PIN PLASTIC SOP 
SOP28-P-430-K 


11. 8040. 40 


0.2 
| 3 

Ye) 

“ 


2. 1540. 25 


+0. 10 
0. 15-0. 05 


60 PIN-V PLASTIC QFP 
QFP60-P-1519-VK 26,0080. 40 
E 


19. 0040. 30 


20. 0020. 40 


+0.10 


0. 20-0. 05 


0.50-0. 15 
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PLASTIC SOJ 


26 PIN PLASTIC SOJ 17. 1540. 20 
| 
$0J26-P-300 


7.6240. 15 
8. 4340. 20 
6.7340. 30 


Seating Plane 


26 PIN PLASTIC SOJ 
$0J26-P-350 


| 8. 8940.15 | 
9. 78+0. 20 
8. 03+0. 30 


Seating Plane [o]0.10 | 
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PLASTIC QFJ (PLCC) 


18 PIN PLCC 


QFJ18-P-R290 


13. 3940. 20 


12. 4520. 15 


Seating Plane 11.5640. 30 


4] 
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PLASTIC ZIP 


| [20 PIN PLASTIC ZIP 
2 ZIP20-P-400 


| 


25. 5040. 30 2..80+0, 25 


a 


+0.15 
0. 25-0. 05 


2.64+0} 30 


Seating Plane 


20 PIN PLASTIC ZIP 
ZIP20-P-400-W 1 


28 PIN PLASTIC ZIP 
ZIP28-P-400 a 
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CERDIP 


28 PIN CERDIP 
WDIP28-G-600 


3 
g 
~ 
= 
wo 
r—) 


Seating Plane 


32 PIN CERDIP 
WDIP32-G-600 


a 


\_ Seating Plane 


40 PIN CERDIP 
WDIP40-G-600 


0. 50#0. 10 
0.25.25 
Seating Plane 05 


43 


= PACKAGING e# 


MODULE SIMM/SIMP 


30 PIN SIMM (FOR MSC2304/2307YS(9) 


Glass epoxy board 
18-lead PLCC 


Chip capacitor 


(UNIT: mm) 


Glass epoxy board’ 
18-lead PLCC 


hh 


ay ate 


tf 


Chip capacitor 


ars 


= 


iP 


(UNIT: mm) 
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MODULE SIMM/SIMP 


30 PIN SIMM (FOR MSC2304YS(8) 


Glass-Epoxy Board 
18 pinPLCC 


Chip capacitor 


30 PIN SIMP (FOR MSC2304KS(8) 


Glass-Epoxy Board 
18pin PLCC 


Chip Capacitor 


=» PACKAGING a 


(UNIT: mm) 


SEATING 
P ; 
are Fed a 


(UNIT: mm) 
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MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2305YS18A 


Glass-Epoxy Board 
18 pin PLCC 
Chip Capacitor 


46 


(CUNIT:mm) 
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MODULE SIMM/SIMP 


30 PIN SIMM (FOR MSC2312AYS9) 


(UNIT: mm) 


5.2 


+0.15 


| 1.27_9'o08 


Glass-Epoxy substrate 
26 pin 
Chip Capacitor 


30 PIN SIMP (FOR MSC2312AKS9) 


(UNIT: mm) 


5.28 MAX 


23.25 MAX 


0.5 2.54 


73.65 
Glass-Epoxy substrate 


26 pin SOJ 
Chip Capacitor 
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MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2313AYS8) 


(UNIT: mm) 


5.28 MAX 


i 


2 x 63.18 


1.45 MIN 


20.45 MAX 


10.16 


2.54 MIN | 


2.54 x 29 = 73.66 (BOTH SIDES) 


Glass-Epoxy substrate 
26 pin SOJ 
Chip Capacitor 


30 PIN SIMP (FOR MSC2313AKS8) 


5.28 MAX 


(UNIT: mm) 


ms 
SEATING ete 
PLANE 2.54 x 29 = 73.66 


Glass-Epoxy substrate 
26 pin 
Chip Capacitor 
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MODULE SIMM/SIMP 


(30 PIN SIMM (FOR MSC2331AYS3 OR MSC2329AYS3) 


88.9040.15 


82.1440.13 


16.5120.15 


10.16+0.15 


2.0340.15 


CONTACT 
1.7840.10 


1) Substrate: Glass-Epoxy (FR-4) 

2) Chip Capacitor: Under Component (0.22 x3pcs) 

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni 
4) Contacts are on both sides of PC Board 

5) Thickness includes plating 


5.25 MAX 


16.5140.15 


Cit] ine Ci i 
+0.10 
7.6240.15 2.5440.10 1.27 40.08 


2.54 X 29 = 73.14+0.13 (Both Sides) 


10.1640.15 


2.03+0.15 


CONTACT 
1.7830.10 


2.28340.15 


1) Substrate: Glass-Epoxy (FR-4) 

2) Chip Capacitor: Under Component (0.22 x2pes) 

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni 
4) Contacts are on both sides of PC Board 

5) Thickness includes plating 
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MODULE SIMM/SIMP 


72 PIN SIMM (FOR MSC2320AYS9) 


5.28 MAX 


2-03.18 


PT 3.17 MIN 


SUOISUOUIP IY . 


SuOJawIIIIW Ul ase 
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= PACKAGING a 


MODULE SIMM/SIMP 


72 PIN SIMM (FOR MSC2321AYS18) 


ee 
a a a a 
TT 


1.27 adi a 


dt ld 
oL_ Jt do 


50-A. 


w PACKAGING 


MODULE SIMM/SIMP 


30 PIN SIMM (FOR MSC2340YS9) 


MSC2340YS9 


96.52 5.28 MAX. 
3.18 DIA 38:90 — 
82.14 
i . a 


2.54 MIN 


ain +0.15 
0.25 MAX 1.27 ~ 0.00 
2.28 +£0.13 


NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 
2) CONTACT PADS .... Pb/Snor Au PLATING 
3) 4Mx1 DRAMx9 pcs 


30 PIN SIMP (FOR MSC2340KS9) 


MSC2340KS9 


3.18 DIA 96.52 5.28 MAX. 
a 88.90 
82.14 


SEATING PLANE 


NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 
2) CONTACT LEAD .... Pb/Sn SOLDER 
3) SEATING PLANE (PAI 0.83, PITCH 2.54) 
4) 4Mx1 DRAM x9 pcs 
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RELIABILITY INFORMATION 


1. INTRODUCTION 


Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, control 
equipment, calculators, electronic games and in 
many other fields has increased at a fast rate. 

A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 

We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 


2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 


The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 
and satisfy customer needs, we carefully consider 
functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity. Then we prepare 
the development planning and time schedule. 


2) Developmental prototype stage 

We determine circuits, pattern design, process 

settings, assembly techniques and structural re- 

quirements during this stage. At the same time, 
we Carry out actual prototype reliability testing. 

Since device quality is largely determined during 

the designing stage, Oki pays careful attention 

to quality confirmation during this stage. 

This is how we do it: 

(1) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 
tion technology and reliability departments 
get together for a thorough review to ensure 


design quality and to anticipate problems 
that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit Component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special evaluation tests. In 
addition, the stability and capacity of the 
manufacturing process are checked. 


3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 


4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
identical to those under which a customer would 
actually use the device. This lot guarantee in- 
spection is performed in three different forms as 
shown below. 


(1) Group A tests: appearance, labels, dimen- 
sions and electrical charac- 
teristics inspection 

(2) Group Btests: check of durability under 
thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group C tests: performed periodically to 
check operational life, etc., 
on along term basis. 

Note: Like the reliability tests, the group B tests 

conform to the following standards. 
MIL-STD-883B, JIS C 7022, EIAJ-IC-121 
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Production 
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& 


@ Production Process Quality Control 
@ Lot Control 

(2) Equipment Conditions 

(3) In-Process Inspection 

(4) Thermal! Screening 

6) Seal Test 


Assembly 


Burn-in 
Screening 


@ Early Removal of Defective Devices 
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Electrical Test 
Regular Check of Measuring 
Equipment 


Inspection 


@ Group A Test 
@ Group B Test 
@® Group C Test 


Figure 2 Manufacturing Process 


Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 

Figure 2 shows the manufacturing flow of the 
completed device. 


Failure 
report 


Department 
Analysis 
report 


5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 


Request for 
technical 
improvement 
Engineering 
Department 
Report on 
results of 
investigation 
& improvement 


Assurance 
Department 


Request for 
improvement 
Technical 
direction 


technical 


Report on 

results of 

investigation 

& improvement 
Manufacturing 
Department 


Request for 
manufacturing 
improvement 


Figure 3. Failure report process 
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@ Service 
@ Failure Analysis 
@ Customer Information Analysis 


| | Target Quality 


Quality Assurance 
& 
Quality Control 


Quality and Reliability Information 
Quality Evaluation 

Defective Analysis 

Reliability Engineering 

Quality Management and Education 


Use Quality 


@ Transportation Control 
e@ Stock Control 
@ Packaging 


Reliability Test 

Product Test eerie 
Screening 

Process Control a 
In-Process Inspection 

Acceptance Inspection 


jee © Marketing 
@ Product Planning 
————— = @ Quality Objectives 


1 


Operation Standard . : 
Technical Standard Design Quality 


Production Quality 


Quality Standard 
Design Review 
Prototype Review 


3. EXAMPLE OF RELIABILITY veo 
RESULTS 


We have outlined the quality assurance system 
and the underlying concepts employed by Oki. 
Now, we will give a few examples of the reliability 
tests performed during the developmental and 
production prototype stages. All reliability tests 
performed by Oki conform to the following stan- 
dards. 


MIL-STD-883B, JIS C 7022, EIAJ-IC-121 


Since these reliability tests must determine per- 
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per- 
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 

By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
improving the manufacturing processes. Some 
of the more common defects in LSI elements and 
their analysis are described on next page. 
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OKI MEMORY LSI LIFE TEST RESULTS 


MSM511000ARS MSM514256AJS MSM651 1000AZS 


1M x 1 bit 256K x 4 bit 1M x 1 bit 
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM 


Si gate C-MOS Si gate C-MOS Si gate C-MOS 
ee 18P P-DIP 26P SOJ D0P ZIP 


. Test ; Sample | Test : Sample | Test : 


Operating 


life test Ta = 150°V 
Vcc = 7.0V 


Function 


130°C 85% 


Temperature Vec = 5.5V 


humidity test 85°C 85% 
Vcc = 5.5V 


Pressure 121°C 100% 
cooker test No bias 


Low tempera- | Ta = -10°C 
ture life test | Vcc = 7.0V 2000 


Temperature | -65°C ~ 25°C ~ 1000 1000 | 
cycling test | 150°C cycles cycles 


(7Omin/cycle) 


MSM41256ARS MSM2312YS9 MSC2304KS 
256K x1 bit 1M x 9 bit "256K x 9 bit 
DYNAMIC RAM __ DYNAMIC RAM DYNAMIC RAM 


Si gate N-MOS Si gate C-MOS Si gate N-MOS 
T6P P-DIP 30P SIMM 30P SIP 


Test item 


Ta=125°C 
Operating Vec = 7.0V 


life test Ta = 150°C 
Vcc = 7.0V 


130°C 85% 
Vcc = 5.5V 


Temperature 
humidity test 


85°C 85% 
Vcc = 5.5V 


Pressure 121°C 100% 
cooker test No bias 


Low tempera- | Ta = -10°C 
ture life test |Vcc = 7.0V 


Temperature foc ~ 25°C 
Syenngitest (7Omin/cycle) 


*: SINGLE BIT FAIL **: O°C ~ 125°C 
20 min/c 
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OKI MEMORY LSI LIFE TEST RESULTS 


RA _evice name | MSM271000AS MSM534000RS 


128K x 8 bit 512K x 8 bit 
Test item Test condition |Sample 


MSM51257ALRS 


32K x 8 bit 
STATIC RAM 


UV erasable EP ROM Mask ROM 


Si gate C-MOS 
28P P-DIP 


Si gate N-MOS 
28P cerdip 


Si gate C-MOS 
28P P-DIP 


Operating Ta =125°C 
Life test Vcc =7.0V 


High tempera- 


- ° 
ture storage life Ta = 200°C 


130°C 85% 
Vcc = 5.5V 


Temperature 
humidity test 


85°C 85% 
Vcc = 5.5V 


Pressure 121°C 100% 
cooker test No bias 


Low tempera- | Ta =—10°C 
ture life test |Vcc = 7.0V 


Temperatu re cer ~ 25°C 
eyeling'test (7Omin/cycle) 


MSM51257AGSK MSM271000ZBRS MSM28C64ARS 
32K x 8 bit 128K x 8 bit 8K x 8 bit 
STATIC RAM OTP EEPROM 


2000 


1000 
cycles 


Si gate C-MOS Si gate N-MOS Si gate C-MOS 
28P SOP 28P P-DIP 28P P-DIP 


Test Condition ample Test Failures Sample nest Failures Sample Me Failures 
size hours size hours size hours 
Operating Ta = 125°C 
Life test Vcc = 5.5V 


n” 


High tempera- Ta = 155°C 
ture storage life 
130°C 85% 
Vcc = 5.5V 
85°C 85% 
Vcc = 5.5V 
Pressure 121°C 100% 
cooker test No bias 
Low tempera- Ta =-10°C 
ture life test © | Vcc = 7.0V 
Temperature =65°C + 25°C + 
cycling test 150°C (70 min/cycle) 


*:Vec =5.25V **: Charge loss fail 
*** © Charge loss fail (high temperature storage test after 10k W/E cycles test at Ta = 25°C) 


ol 


Temperature 
humidity test 


ei fale 
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Soldering 260°C 
heat 10 sec 


Thermal 
environmental 
test 


Mechanical 
environmental 
test 


Electrical 
Environmental 
test 


Thermal 
environmental 
test 


Mechanical 
environmental 
test 


Electrical 
environmental 
test 


*: TEMPERATURE CYCLING: 
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OKI MEMORY LSi ENVIRONMENTAL TEST RESULTS 


Variable 
frequency 
vibration 


see 


eee | 
eee | 


100pF, 1.5k, 5 times: 
+1000V 


Soldering 
heat 


Thermal 
shock 


Temperature 
cycling 


Variable 
frequency 
vibration 


sok 


Constant 
acceleration 


Device name 


Test condition 


0°C~100°C 
5 min 5 min 
10 cycles 
65°C ~ RT eet 150°C 
30 min 30 min 
20 cycles 


100Hz~2000Hz 

4 min per cycle 
4 times inX, Y, Z 

1500G, 0.5 ms, 


5 times in each 
xX, Y,2 


20000G 
1 min in each X, Y, Z 


0°C~100°C 
5 min 5 min 
10 cycles 


-65°C ~ RT ~ 150°C 
30 min 30 min 
20 cycles 


100Hz~ 2000 Hz 
4 min per cycle 
4timesinX, Y,Z 


1500G, 0.5 ms, 
5 times in each 


10000G or 20000G 
1 min in each X, Y,Z 


100pF, 1.5kQ, 5 times 
+1000V 


(30 min) 


-40°C ~ 25°C ~ 125°C 


MSM511000ARS | MSM514256AJS | MSM51 1000AZS 


Sample : Sample 
mp Failures ae 
size size 


(20 cycles) 
(30 min) 


; Sample . 
Failures ne Failures 
size 
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS 


Soldering 
heat 
0°C~100°C 
5 min 5 min 
10 cycles 


Thermal 
shock 


Thermal 
environmental 
test 65° T 
5°C ~ RT ~ 150°C 
ee 30min 30min 
Y g 20 cycles 


Variable 100Hz~ 2000 Hz 
frequency 4 min per cycle 
vibration 4timesinX, Y,Z 


1500G, 0.5:ms, 


Mechanical Shock 5 times in each 


environmental 
test 


10000G or 20000G 
IT minin each X, Yor 


Electrical 
environmental 
test 


Device name MSM51257AGSK | MSM27000ZBRS | MSM28C64ARS 


oe Sample |_ . Sample Sample 
Test condition Failures Ee : Failures ae Failures 


Soldering 260°C 
heat 10 sec 
Thermal ii ie 
Thermal Kntk 5min Smin 
environmental ore 10 cycles 


test 
-65°C ~ RT ~ 150°C 
30 min 30min 


22 
20 cycles 

Variable 100Hz ~ 2000Hz 
frequency 4 min per cycle 
vibration 4 times in X, Y, Z . 
Mechanical 1500G, 0.5 ms, 
environmental 5 times in each 
test X, Y,Z 
Constant 10000G or 20000G 
acceleration 1 min in each X, Y,Z . 


Electrical 
Pe rsicieioare ESD HOOP Toth, Betmes 
es +1000V 


Temperature 
cycling 
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HIGH TEMPERATURE OPERATING LIFE TEST 


MSM511000ARS_ Ta = 25°C Sample size 200 
| 0 ELSE eee 
060 |s040 [8020 [s040 [5040 [s060 
7 | 9 | e4 | a7 | 92 
ree |900 {900 | 900 | o00 | 
1.0200] 1.0200] 1.0200} 1.0200] 1.0400 
[66] "s00a| "5e26| "sevs| seea| "5627 
0732 
0.0000 0.0000 0.0000 
68.0 8. 8.0 68.0 68.0 
fae | . | 
oo [oo [00 ROG Oe 2 
Max. [21.0 [210 [210 [210 [210 [21.0 
MIN. [190 [190 [190 [190 [190 [190 
TCAC ns |MEAN |[204 [203 [20.3 [203 [203 [203 
sp. | 6 | 6 | 6 | 6 | 6 | 6 | 
CX | XC eX Xd 


TCAC 


@) 48 168 500 1000 2000 O 48 168 500 1000 2000 
Time (H) Time (H) 
Icc1 Icc2 


e) 48 168 500 1000 2000 ¢) 48 168 500 1000 2000 
Time (H) | Time (H) 
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HIGH TEMPERATURE OPERATING LIFE TEST 
MSM511000ARS_ Ta = 25°C Sample size 200 


—, 
,e)) 
©O 
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Trp 
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Time (H) Time (H) 
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HIGH TEMPERATURE OPERATING LIFE TEST 
MSM511000ARS_ Ta = 25°C 


< 
m 
“1D 
2 


sd 
o 


IE 
"|S 


1.77 
1.876 


fags 
A 
3 


6) 48 


0 48 


168 500 
Time (H) 


VILA 


168 500 
Time (H) 


1000 2000 


1000 2000 


876 | 1878 | 1 
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4. SEMICONDUCTOR MEMORY 
FAILURES 


The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 


Semiconductor Element Failure Rate Curve 


Initial SHIPPING 
failure 


Wear-out 


Random failure 


failure 


Failure Rate — 


General 
electronic 
devices 


—> Time 
Semiconductor 
elements 


—— eee” 
Debugging by burn-in 
screening 


1) Surge Destruction 

This is destruction of the input/output stage cir- 
cuits by external surge currents or static elec- 
tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 


Example of surge destruction 


al conditions) in the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated in the input an 
output sections. | ae . | 


Input section 


Yili 

Sere t 
‘ Poly Si 

Destruction 

position 


fi 
Aluminum 


wire 


2) Oxide Film Insulation Destruction (Pin Holes) 
Unlike surge destruction, this kind of failure is 
caused by manufacturing defects. Local wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, it can be resolved by maintaining an 


ultra-clean manufacturing environment and 


through 100% burn-in screening. 


3) Surface Deterioration due to lonic Impurities 
Under some temperature and electric field condi- 
tions, charged ionic impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 


4) Photolithographic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At. present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in- 
tervention in the process, and unparalleled 
cleanliness, solves this problem. 


‘cailleditpupltblltiie tite 


NN 
\Y. 


Photolithographic Defect 


5) Aluminum Corrosion 

Aluminum corrosion is due to electrolytic reac- 
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 


6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMS. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present in minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 
referred to as a “soft” failure. At Oki we have 
eliminated the problem by coating the chip sur- 
face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 


Package ceramic 
cover 


cues, Silicon oxide 
Mose. film 


Substrate silicon 


ed a-particle 
lonization along 


the a-particle path 


= RELIABILITY INFORMATION #® 


7) Degradation in Performance Characteristics 
Due to Hot Electrons 

With increased miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- 
though previous low-temperature operation tests 
have indicated an increase of this failure, we 
have confirmed by our low-temperature acceler- 
ation tests, including checks on test element 
groups, that no such problem exists in Oki LSls. 


Drain 
+VD 


+VG 4 
=| i 
Gate | 


Source 


Hot electrons 


Substrate silicon 


Characteristic deterioration caused 
by hot electrons 


With further progress in the miniaturization of cir- 
cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
increased. To eliminate these defects during 
manufacturing, Oki has been continually improv- 
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
in screening for 48 to 96 hours to ensure even 
greater reliability. 
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EE MOS DYNAMIC RAMS 


MSM3764A 
MSM41256A 
MSM41257A 
MSM41464 
MSM51C256 
MSM511000A 
MSM511001A 
MSM511002A 
MSM514256A 
MSM514258A 
MSM514100 
MSM514102 
MSM514400 
MSM514402 
MSC2304YS8-KS8 
MSC2304YS9-KS9 
MSC2307YS9-KS9 
MSC2312A-XXYS9/KS9 


‘MSC2313A-XXYS8/KS8 


MSC2320A-XXYS9I 
MSC2321A-XXYS18 
MSC2328A-XXYS2/KS2 
MSC2340-XXYS9/KS9 


65,536-Word x 1-Bit RAM (NMOS) <Page Mode> ....... 
262,144-Word x 1-Bit RAM (NMOS) <Page Mode> ...... 
262,144-Word x 1-Bit RAM (NMOS) <Nibble Mode> ..... 
65,536-Word x 4-Bits RAM (NMOS) <Page Mode> ...... 
262,144-Word x 1-Bit RAM(CMOS) ............ re 
1,048,576-Word x 1-Bit RAM (CMOS) <Fast Page> ..... 
1,048,576-Word x 1-Bit RAM (CMOS) <Nibble Mode> ... 
1,048,576-Word x 1-Bit RAM (CMOS) <Static Column> .. 
262,144-Word x 4-Bits RAM (CMOS) <Fast Page> ...... 
262,144-Word x 4-Bits RAM (CMOS) <Static Column> ... 
4,194,304-Word x 1-Bit RAM (CMOS) <Fast Page> ...... 
4,194,304-Word x 1-Bit RAM ‘CMQS) <Static Column> ... 
1,048,576-Word x 4-Bits RAM (CMOS) <Fast Page> ..... 
1,048,576-Word x 4-Bits RAM (CMOS) <Static Column> .. 
262,144-Word x 8-Bits RAM (NMOS) <Page Mode> (MODULE) ....... 
262,144-Word x 9-Bits RAM (NMOS) <Page Mode> (MODULE) ....... 
262,144-Word x 9-Bits RAM (NMOS) <Nibble Page Mode> (MODULE) .. 
1,048,576-Word x 9-Bits RAM (CMOS) (MODULE) ..... 
1,048,576-Word x 8-Bits RAM (CMOS) (MODULE) ..... 
262,144-Word x 36-Bits RAM (MODULE) ............. 
524,288-Word x 36-Bits RAM (MODULE) ............. 
262,144-Word x 8-Bits RAM (MODULE) .............. 
4,159,300-Word x 9-Bits RAM (CMOS) (MODULE) ..... 


307 
321 
331 
341 


OK I semiconductor 


MSM3764 A 


65,536-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32) 


GENERAL DESCRIPTION 


The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words. 
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory, 
peripheral storage and environments where low power dissipation and compact layout is required. 


Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin 


DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. 


The MSM3764<A is fabricated using silicon gate NMOS and Oki’s advanced Double-Layer Polysilicon process. This 
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip 
size. Dynamic circuitry is employed in the design, including the sense amplifiers. 


Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and output are TTL 


compatible. 


FEATURES 


e@ 65,536 x 1 RAM, 16 or 18 pin package 
@ Silicon-gate, Double Poly NMOS, single transistor cell 
@ Row access time, 
120 ns max (MSM3764A-12) 
150 ns max (MSM3764A-15) 
© Cycle time, 
220 ns min (MSM3764A-1 2) 
260 ns min (MSM3764A-15) 
@ Low power: 330 mW active, 
28 mW max standby 
@ Single +5V Supply, +10% tolerance 
@ All inputs TTL compatible, low capacitive load 


e Three-state TTL compatible output 

e “Gated” CAS 

e 128 refresh cycles/2 ms 

© Common I/O capability using ‘Early Write’ 
operation 

e Output unlatched at cycle end allows extended page 
boundary and two-dimensional chip select 

e Read-Modify-Write, RAS-only refresh, and Page- 
Mode capability 

@ On-chip latches for Addresses and Data-in 

e On-chip substrate bias generator for high 
performance 


PIN CONFIGURATION 


Din NC Vss CAS 


Address inpun 


Ground (OV) 
No Connection 


* Refresh Address 


RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enabie 

Din Date Input 

Dour Detea Ourwut 

Vec Power (+5V) 


(Top View) 


Function 


Address inputs 
Row Adaress Strobe 


CAS Column Address Strobe 
WE Write Enabie 

Din Data input 

Dout Oata Output 

Vec Power Supply (+5V) 


Ground (0V) 


* Refresh Address 
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a DYNAMIC RAMS - MSM3764A = 


FUNCTIONAL BLOCK DIAGRAM 


Column 
Address 
Buffers 


Column 
Decoders 


Ao~A, 1/0 


Selection 


Dout 


a Output 
Buffer 


Row 
Address 
Buffers 


Din 


VCC 
Vss 


On chip VgB 


ABSOLUTE MAXIMUM RATINGS (see Note) 


Rating Symbo Unit 
Voltage on any pin relative to Vss Vin. VOUT V 


Voltage on Vcc supply relative to Vsg -1 to +7 V 


Operating temperature ws OF 
Storage temperature Cc 
Power dissipation a ae ee W 
Short circuit output current ars ie ae mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional opera- 
tion should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to Vss) 


; Operating 
Supply Voltage VCE 
oe a ee 


V 
ee ; 
O°C to +70°C 
Input High Voltage, all inputs VIH 2.4 V 
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= DYNAMIC RAMS -: MSM3764A 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter Symbol 


| Max. | Unit Notes 


Operating Current* 
Average power supply current 
(RAS, CAS cycling; tae = min.) 


Standby Current 

Power supply current 

(RAS = CAS = Vip) 

Refresh Current* 

Average power supply current 

(RAS cycling, CAS = Vip; tac = min.) 
Page Mode Current* 

Average power supply current 

(RAS = Viz, CAS cycling; tpc = min.) 


Oo es OQ OQ 
(@) ?) ?) ?) 
aS w NS) — 


= 


Input Leakage Current 

Input leakage current, any input 

(OV < Vin <5.5V, all other pins not 
under test = OV) 


ES 


Output Leakage Current 
(Data out is disabled, 
OV < VouT < 5.5V) 


‘al 
Ol 
] 
—_ 
ro) 
r 


Output Levels 
Output high voltage (IOp = -5 mA) 
Output low voltage (Io, = 4.2 mA) 


<< 
OO 
r= 


dia 


Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open. 


CAPACITANCE 
(T5 = 25°C, f = 1 MHz) 


Input Capacitance (A, ~ A,, Din) CIN1 ae ee ee 
Input Capacitance (RAS, CAS, WE) CiIn2 ee ee. oe pF 


Output Capacitance (DoyT) COUT 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAMS -: MSM3764A = 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) Note 1,2,3 


Parameter 


Refresh period 

Random read or write cycle time 
Read-write cycle time 

Page mode cycle time 
Access time from RAS 
Access time from CAS 
Output buffer turn-off delay 
Transition time 

RAS precharge time 

RAS pulse width 

RAS hold time 


CAS precharge time (Page cycle) 


AS pulse width 
A 


oO 


S hold time 


AS to CAS delay time 
CAS to RAS precharge time 


Dw} O 


Row Address set-up time 
Row Address hold time 
Column Address set-up time 
Column Address hold time 


Column Address hold time 
referenced to RAS 


Read command set-up time 
Read command hold time 
Write command set-up time 
Write command hold time 


Write command hold time 
referenced to RAS 


Write command pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data-in set-up time 

Data-in hold time 

Data-in hold time referenced 
to RAS 

CAS to WE delay 

RAS to WE delay 


Read command hold time 
referenced to RAS 


CAS precharge time 


i 


MSM3764A-15 a 
n 

ptmer | ms | | 2 | | 2 

ftac | ns _| 220 | [260 | 

Ftrwe | ns | 245 [| | 20 | 

ate te ae 

Pesce [> [Te [Ts [a 

Cor [we [ops | @[« 

i Tater e eras 

ee 

eet Te 

rere eel ee 

| tcas | ns_| 60 [10,000 | 75 {10,000 

oom oe cx ec a 

jtrco | ns | 2 | 60 | 2% | 75 | 7 

cae 

|tase [| me. | 0 | 

tran | ns | 15 | 

jtasc [ns | 0 | | 

ptcaw [ns | 20 | 


+ 
> 
D 
a 
n 
se) N 


= DYNAMIC RAMS - MSM3764A 


NOTES: 1) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles (Examples; RAS 
only) before proper device operation is achieved. 

2) AC measurements assume tT = 5ns. 

3) Vi (Min.) and Vij_ (Max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vi and V{L. 

4) Assumes that trcp < tRCD (max.). 

If tRCp is greater than the maximum recommended value shown in this table, tRAC wil! increase by 
the amount that trop exceeds the value shown. 

5) Assumes that tacp < tRCD (max.) 

6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

7) Operation within the tacp (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is spe- 
cified as a reference point only; if tRcp is greater than the specified tRCD (max.) limit, then access 
time is controlled exclusively by tcAc. 

8) twcs, tCcWpD and tRwp are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only; if twos 2 twcs (min.), the cycle is an early write cycle and the aata 
out pin will remain open circuit (high impedance) throughout the entire cycle; if tewp 2 tcwp 
(min.) and trRwp > tRwp (min.) the cycle is read-write cycle and the data out will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data 
out (at access time) is indeterminate. 


READ CYCLE TIMING 


VIH — 
VIL — 


tRSH 
tCAS 


tCSH 
tASR| |tRAH tCAH 
can | 


Vin — 
ViL — 


nsseues VTi KM Sen MULL 


tRCH 


ee MMM 


VOL 


QD “He 3) Ned = Don’t Care 
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= DYNAMIC RAMS -MSM3764A = 


WRITE CYCLE TIMING 
(EARLY WRITE) 


eres +e 
_ ss Vt — TAR 
RA 


Vit - 
: tRSH —tRP 
tRCD tcas 'CRP 
cas IH | | | 
Vit — 
a tCPN 
tasR| |tRAH tCAH 
tASC 
ee sm Column 
Addresses LL Biles KL bse KZ 
et 
twos tWCH a 


we vi - La LL lll 


Pin yl MM ew MMMM 


VOH- 


DOUT VOL — 


OPEN 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


*RWC 
VIH- tAR ae 
RAS ViL- : eee 
too cS tCRP 
om VN | ay, 
tasR| liRAH tasc) | tcaAH _) CSH *CPN 
Adee yi omc es MMMM, 
“owe TRWL 
we Ye TL _ 
tCAC ii tOFF 


tRAC tDS| | tDH 


Dine LLL 820. RL 


“Hi, “L'" = Don’t Care 
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RAS ONLY REFRESH TIMING 
(CAS: ViIH, WE & DIN: Don’t care) 


ASR 


aasreses vit YI Fon ees KYL 


V7 "A", “L" = Don’t Care 


PAGE MODE READ CYCLE 


V a 
POUT vor - 


—. ViH- 
WE Vit - 


PZ"'H"","L""=Don't Care 
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= DYNAMIC RAMS - MSM3764A 


PAGE MODE WRITE CYCLE 


VIH- — 
ViL- 


t 
a Wche — 


—— VIH- | 
Vit > r 
ER | aT 
Addresses oe Uy, Uh 


WS UU wa Kad. a 
WOH paar tWCH Esa, 


we wt'- LA. Wun mmm VIM 


wore RW 


om M- 17 pkraaonshZ feats on wa eI 


tDHR 


ANAC. 


WA, mye a ik pa Don't Care 


PAGE MODE, READ-MODIFY-WRITE CYCLE 


tRP 


tasR =" Leo | ag Y) ae 
a EKG a My, car UME, MM 


tRCS eltewo tRCS! |tcwD 


twp “P | 
Hl] Vp WL WIE 


t t 
tos |tbH as | 


U, 


- twPe 


VM, le M,Z ALLL 


| bo tcac —7 torr --tCAC rT L-tcac | 


L7H" , el ee = Don't Care 


HIDDEN REFRESH 


Read Cycle 


VIH 
t 
VIL - 


ViH 


VIL igau 
pele 


VIH = 


Addresses yj) —a_ UMMM 


we 


wih shar 


DESCRIPTION 
Address Inputs: 


A total of sixteen binary input address bits are required 
to decode any 1 of 65536 storage cell locations within 
the MSM3764A. Eight row-address bits are established 
on the input pins (A,~A,) and latched with the Row 
Address Strobe (RAS). The eight column-address 
bits are established on the input pins and latched with 
the Column Address Strobe (CAS). All input addresses 
must be stable on or before the falling edge of RAS. 
CAS is internally inhibited (or ‘‘gated’’) by RAS to 
permit triggering of CAS as soon as the Row Address 
Hold Time (tray) specification has been satisfied and 
the address inputs have been changed from row-addresses 
to column-addresses. 


Write Enable: 

The read mode or write mode is selected with the WE 
input. A logic high (1) on WE dictates read mode; 
logic low (0) dictates write mode. Data input is dis- 
abled when read mode is selected. 


Data Input: 

Data is written into the MSM3764A during a write or 
read-write cycle. The last falling edge of WE or CAS is 
a strobe for the Data In (Djjy) register. In a write 
cycle, if WE is brought low (write mode) before CAS, 
Dyn is strobed by CAS, and the set-up and hold times 
are referenced to CAS. In a read-write cycle, WE will 
be delayed until CAS has made its negative transistion. 
Thus Dy is strobed by WE, and set-up and hold times 
are referenced to WE. 


Data Output: 
The output buffer is three-state TTL compatible with 
a fan-out of two standard TTL loads. Data-out is the 


= DYNAMIC RAMS - MSM3764A = 


RAS only cycle 


el tRCH 
MLL 


tOFF 


Valid Data 


“H", “L"’ = Don’t Care 


same polarity as data-in. The output is in a high im- 
pedance state until CAS is brought low. In a read cycle, 
or read-write cycle, the output is valid after trac from 
transition of RAS when trcp (max.) is satisfied, or 
after tcac from transition of CAS when the transition 
occurs after tRCp (max.). Data remain valid until CAS 
is returned to a high level. In awrite cycle the identical 
sequence occurs, but data is not valid. 


Page Mode: 

Page-mode operation permits strobing the row-address 
into the MSM3764A while maintaining RAS at a logic 
low (0) throughout all successive memory operations in 
which the row-address doesn’t change. Thus the power 
dissipated by the negative going edge of RAS is saved. 
Further, access and cycle times are decreased because 
the time normally required to strobe a new row-address 
is eliminated. 


Refresh: 

Refresh of the dynamic memory cells is accomplished 
by performing a memory cycle at each of the 128 row- 
addresses (A,~A,) at least every two milliseconds. 
During refresh, either Vj_ or Vip is permitted for A,. 
RAS only refresh avoids any output during refresh 
because the output buffer is in the high impedance 
state unless CAS is brought low. Strobing each of 128 
row-addresses with RAS will cause all bits in each rwo 
to be refreshed. Further RAS-only refresh results in a 
substantial reduction in power dissipation. 


Hidden Refresh: 

RAS ONLY REFRESH CYCLE may take place while 
maintaining valid output data. This feature is referred 
to as Hidden Refresh. 

Hidden Refresh is performed by holding CAS as Vy, 
from a previous memory read cycle. 
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TYPICAL CHARACTERISTICS 


Access time from RAS Icc1 (tRAS: Constant) 
(Relative value) v.s. Vcc 5g _ VS. Vcc 


5.0V) 


trc = 220 ns 


tRC = 260 ns 
tRc = 330 ns 


tRc = 500 ns 


Icc1 (Operation) [mA] 
) 
=) 


tRc = 1000 ns 


tcac (Ycc)/tcac (Vcc 


40 45 50 55 60 
Vcc [V] 
Access fime from RAS Icc1 (tRAS: Constant) 
1.4 ___(Relative value) v.s. Ta 50 __v:s. Cycle rate 


tRAS = 120 ns 


Icc1 (Operation) [mA] 


tRAC (Ta)/tRAC (Ta = 25°C) 


1 2 3 4 5 
Cycle Rate (1/tRc) [MHz] 


Access time from CAS Icc1 (tRAS: Constant) 
(Relative value) v.s. Vcc 59__V-s- Ta 


5.0V) 
s 


Voc =5.5V 


tRAS = 120 ns 
40 trc = 220 ns 
tRC = 260 ns 
20 TRC = 330 ns 


20 tRc = 500 ns 


Icc1 (Operation) [mA] 


tRc = 1000 ns 


tRAc (Vcc)/tRAC (Vcc 
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Icc1 (Operation) [mA] 1cc1 (Operation) [mA] 


Icc1 (Operation) [mA] 


Icc1 (tRp: Constant) v.s. Vcc 


tRc = 220 ns 
tRc = 260 ns 


tRc = 330 ns 
| 
tRc = 500 ns 
| 
trc = 1000 ns 


Icc1 (tRp: Constant) 
v.s. Cycle rate 


Cycle Rate (1/tRc) [MHz] 


Icc1 (tRp: Constant) v.s. Ta 


tRC = 220 ns 
tRc = 260 ns 
tne = 330 ns 
tne = 500 ns 


tRc = 1000 ns 


Icc2 (Stand-by) [mA] 


Icc2 (Stand-by) [mA] 


= DYNAMIC RAMS - MSM3764A 


Icc2 v.s. Vcc 


Vcc = 5.5V 
VIH: max 
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= DYNAMIC RAMS - MSM3764A @ 


Icc3 (tRAS: Constant) v.s. Vcc 
0 


4 
aL Ta= 25°C 
& a6 tRAS = 120 ns _ = 220 ns 
2 i” tRG = 260 ns 
5) tRc = 330 ns 
£ 20 
= tRc = 500 ns 
® 
or 10 tRc = 1000 ns 
~ 
3) 
ao) 
40 45 50 55 46.0 
Vec [V] 
Icc3 (tRAS: Constant) 
v.s. Cycle rate 
t 
£ 
2 
O 
> 
S) 
<= 
& 
= 
o 
O 
2 


Cycle Rate (1/tRC) [MHz] 


‘i ICC3 (tRAS: Constant) v.s. Ta 


x Vcc = 5.5V 

e tRAS = 120 ns 

o 30 tRC = 220 ns 
= tRc = 260 ns 
£ 20 tRC = 330 ns 
® 

= tRc = 500 ns 
© 10 

ae tRc = 1000 ns 
O 

2 


80 


Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA] 


Icc3 (Refresh Cycle) [mA] 


Icc3 (trp: Constant) v.s. Vcc 
40 ; 


tRc = 220 ns 
tRc = 260 ns 
tRc = 330 ns 
tR¢ = 500 ns 
tRc = 1000 ns 


x 
| oe | 


Icc3 (tRP: Constant) 
v.s. Cycle rate 


Cycle Rate (1/tRc) [MHz] 


Icc3 (tap: Constant) v.s. Ta 


Vcc = 5.5V 
tRp =90ns 


tRC = 330 ns 


aE 
mei il| 


Icc4 (Page Cycle) [mA] Icc4 (Page Cycle) [mA] 


Icc4 (Page Cycle) [mA] 


Icc4 (tcas: Constant) 
v.s. VCC 


tpc = 120 ns 
tpc = 145 ns 


Icc4 (tcas: Constant) 
v.s. Cycle rate 


Cycle Rate (1/tpc) [MHz] 


Icc4 (tcAs: Constant) v.s. Ta 
0 
Vcc = 5.5V 


tCAS = 60 ns 


tPC = 120 ns 
tpc = 145 ns 


Icc4 (Page Cycle) [mA] Icc4 (Page Cycle) [mA] 


Icc4 (Page Cycle) [mA] 
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Icc4 (tcp: Constant) v.s. Vec 


Icc4 (tcp: Constant) 
v.s. Cycle rate 


Ta=25°C 
tcp = 50 ns 


2 4 6 8 10 
[ 


Cycle Rate (1/tpc) [MHz] 


Icc4 (tcp: Constant) v.s. Ta 
9) 
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Address Input v.s. Ta 


Address Input v.s. Vcc 


[A] lana] andu| 


[A] era] induy 


°C] 


Ta [ 


Vec [V] 


Data Input v.s. Ta 


Data Input v.s. Vcc 


[A] jana] 3nduy 


[A] jana} andu| 


Ta[C] 


Vec [V] 


Clock Input v.s. Ta 


[LA] 1aA9] anduy 


Clock Input v.s. Vcc 


[A] jana] anduy 
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Vcc = 5.5V 
Ta=25°C 
50 ns/div 


RAS/CAS CYCLE, LONG RAS/CAS CYCLE, RASONLY CYCLE, PAGE MODE CYCL 


i AACE HEREC 
OMT TLTTTHITTHE 


LETTE 
UTE 
EGET 
UWE ay 
IES WANT CCECN AAT 
SUEUR UN 
TWEETS TO PE WET 


RAS 


CAS 


140 


Icc 120 
[mA] 
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MSM3764A Bit MAP (Physical-Decimal) 
— eB 


126]127 63} 62 
255] 255 1271127 
2541255 191}190 
2554255 1274127 
126]127 63] 62 
254) 254 126}126 
254 190 
254 126 
1261127 63] 62 
253/253 125/125 
254/255 191 ie 
253] 253 125|12 
1261127 63] 62 
252] 252 1241124 
254/255 
252/252 34 2 
126]127 63 62 
251} 251 123]12 


/ {A7 column = “‘H’’] 


29}12 
255] 255 a 


[A7 column = “L"] = 16 
1 64 126]127 
127 i ye 27 fe 1271127 
291128 92}19 2541255 
27112 41} |[ Fz 27 ie 1271127 
65 126]127 
ie 12 ree 126 1261126 
1294128 921193 
136 126 261126 


2541255 

“i { |IF 126/126 

1 es ce 126]|127 

25112 St} || Re 125]125 

29/128 92119 2541255 

25112 4}) i[F 25|12 125]125 

64 127 

i a WUT 24 oe 124 
1291128 92/193 
1241124 ail: 24/124 


254/255 
124} 124 
if 0 9 64] 65 126]127 
123]123 123{123 123]123 


92119 
65 | 256 


190 

263 253 
sat | 
1911190 
252/252 
63] 62 
2511251 


(Column) 


1911190 
1321132 
63} 62 
131]131 
1911190 
1311131 
63] 62 
1301130 
1911190 
130/130 
o 27 
29112 
HE 
Ee 


192}]193 
139 13 1321132 


2 65 

‘a of iat 131 
129]128 193 
131 si 131 
65 

2 ci = 
29]128 192]193 
130 130 tf |] F 301130 
64] 65 

eo ai( |i RS 29 1129 
129]12 92/193 
129]129 th} 1(F 29/129 
64| 65 

ion ioe TL IF 28/128 
129]12 192|193 
128 oa 128 ]128 


COCCI 


et ee e i - 1254] 255 
AlCl beter fate 

. ~ 11261127 

rere Clikehat ate 
ie ae ers 19 254/255 
CoM Ee 

se oS 1261127 

2} 2 

E -t S — 254/255 
2] 2 

Hee are 

Pele 
e es Ee "2 ae 254/255 
ase Oj O 


arenes ew <) 
WN heen & 
—-OFN 


_ 
Om 


=] [ = a 
WOE WR 
OfhLToom 


—_ —_ 
NN 
on 


Refresh Address Refresh Address Refresh __.Refresh Address Refresh Address 
(63 <— 0) (64 + 127) l (63 — 0) (64 > 127) 
Din D, OD, D, D,~ Din Din D, DO, D, OD, Din 
(Positive) (Negative) (Positive) (Negative) 
Pin 8 (Row) 
Cel) & = Row Address (Decimal) Word Driver was Sense Amp 


B = Column Address (Decimal!) 


; Sub Amp (C = Number of Bus Line) 
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OKI semiconductor 
MSM41256A 


262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Page Mode Type > 


GENERAL DESCRIPTION 


The Oki MSM41256A is a fully decoded, dynamic NMOS random access memory organized as 
262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa- 
tion and compact layout is required. 

Multiplexed row and column address inputs permit the MSM41 256A to be housed in a standard 
16 pin DIP or 18 pin PLCC, Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM 
41256A offers new functional enhancements that make it more versatile than previous dynamic RAMs. 
“CAS-before-RAS” refresh provides an on-chip refresh capability. 

The MSM41256A is fabricated using silicon gate NMOS and Oki’s advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 
output are TTL compatible. 


FEATURES 


@® 262,144 x 1 RAM, 16 or 18 pin package @ Allinputs TTL compatible, low capacitive load 
® Silicon-gate, Double Poly NMOS, single ® Three-state TTL compatible output 
transistor cell ® “Gated” CAS 
® Row access time: ® 256 refresh cycles/4 ms 
100 ns max (MSM41 256A-10) ® Common I/O capability using “Early Write” 
120 ns max (MSM41256A-1 2) operation 
150 ns max (MSM41256A-15) © Output unlatched at cycle end allows 
®@ Cycle time: extended page boundary and 
200 ns min (MSM41 256A-10) two-dimensional chip select 
220 ns min (MSM41256A-1 2) ® Read-Modify-Write, RAS-only refresh, 
260 ns min (MSM41256A-15) capability 
@ Low power: ® On-chip latches for Addresses and Data-in 
330 mW active (MSM41256A-10) ® On-chip substrate bias generator for high 
303 mW active (MSM41256A-1 2) performance 
275 mW active (MSM41256A-15) ® CAS-before-RAS refresh capability 
28 mW max standby @ “Page Mode” capability 


® Single +5V Supply, +10% tolerance 


PIN CONFIGURATION (TOP VIEW) 


Pin Names Function Din A, Vss CAS 


Address inputs 


Row Address Strobe 


Address inputs 

Row Addrese Strobe 

Write Enable , Column Address Strobe 
Write Enable 

Data Input bd 5 Osta Indut 

Data Output : : Oate Ourput 
Power (+8) 

Power Supply (+5V) Ground (OV) 


Column Address Strobe 


Ground (OV) No Connection 


* Refresh Address 7 ar * Refresh Address 
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FUNCTIONAL BLOCK DIAGRAM 


Timing 7 
Generator ca ent 
ms Timing 


Generator 


Write 
Clock 


Column Generator 
Buffers Decoders 


‘Internal 
Address 
Counter 


is j 
Data 
Input 


Address 
Buffers 


Memory 


Cells Register 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss V 
Operating temperature °C 
Storage temperature °C 
Power dissipation | Pp | to W 
Short circuit output current a mA 


Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 


Operatin 
V 


CC 5 5.0 5.5 
Supply Voltage 


DC CHARACTERISTICS 4 


(Recommended operating conditions unless otherwise noted.) 


Parameter Symbol Unit | Notes 
OPERATING CURRENT* MSM41256A-10 | 60. 
Average power supply current MSM41256A-12| Iccyq mA 
(RAS, CAS cycling; tag = min.) MSM41256A-15 
STANDBY CURRENT 
Power supply current Icco2 5.0 mA 
(RAS = CAS = Vip) | 

55 


REFRESH CURRENT 1* MSM41256A-10 
Average power Supply current MSM41256A-12 Icc3 50 mA 


< 


<ij< 


(RAS cycling, CAS = VjH; tac =min.) | MSM41256A-15 


PAGE MODE CURRENT* MSM41256A-10 
Average power supply current MSM41256A-12| Icc4 mA 
(RAS = Vj, CAS cycling; tpg =min.) |{MSM41256A-15 | 
REFRESH CURRENT 2° MSM41256A-10 
Average power supply current MSM41256A-12] Iccs5 mA 
(CAS before RAS; tac = min.) MSM41256A-15 


INPUT LEAKAGE CURRENT 
Input leakage current, any input 
(OV <Vin <5.5V, all other pins not ILI = 10 10 HA 


under test = OV) 

OUTPUT LEAKAGE CURRENT | 10 10 A 
(Data out is disabled, OV < VoyT < 5.5V) LO 7 ie 
OUTPUT LEVELS 

Output high voltage (IO = —5 mA) VOH 2.4 V 
Output low voltage (Io, = 4.2 mA) VOL 0.4 V 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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~ CAPACITANCE 


(Ta = 25°C, f = 1 MHz) 


Input capacitance (Ao ~ As, Dyn) | oon | - | 6 | pF 
Input capacitance (RAS, CAS, WE) | cnn | - fot pF 
Output capacitance (Doyt) | cour | - fo pF 


Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 


MSM41 256A- eee pee Ceres 
Parameter Symbol | Unit a Notes 


Refreshperiod | (REF oar 


Random read or write 

Read-write cycle time tawo pepe eence 

Sg NCA A A 
monies five fw [fof Poff ml 4 


Output buffer turn-off ' 
delay GFF 


ent in fw pw a ww 
ineswwie [we [| =| [| [wo] 
ve (wen [eo] [| 


aaa 20 
FASto TAS delaytime | taop BBL. Bp 8) ee 
CAStORASset-uptime | tons | ne | 20 | | 25 | | a 


Row address set-up t 
time ASR 


Row address hold time tRAH asf | ts] ft 


Column address set-up ' 

time ASC 
Column address hold 

Read command set-up t 

time RCS 
Read command hold 

time referenced to CAS _| 'RCH 
Read command hold 

Write command set-up 

time | twcs 
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AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


‘ane aa oe MSM41256A- | MSM41256A- 
Parameter Symbol | Unit Ve 1 
itt 


Write command pulse 

width 

Write command hold 

Write command to 

RAS lead time {RWL 35 
Write command to 

CAS lead time {CWL 


Data-n setuptime ra ae soe oS 
Data-n old time peje pet fe | ee 
CAStoWEcdelaytime | towo | me | is | | 20] | 25 


Refresh set-up time for 

etree ref-t=[ fel fel 
seacante|e [=| =| [=| [=| _ 
mow fen ([=| [=| [=| 
sic [= [=[@[ [*| [=| _ 
game me [ef | fm fel 
risctme | two] oe |e) es | ow 
pooner |e || so) | we 
Sentne | wwe |e foe || os) | es] 
Regma” | emus | me | a6 | rove | ase om | as | ove 
eRSpecnmeime [err [| so] | so] | ro 
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Notes: 


= DYNAMIC RAMS - MSM41256A 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC measurements assume tT =5ns 


ViH (Min.) and Vj, (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between VjH and Vj_. 


Assumes that trcp <trcp (Max.). If tacp is greater than the maximum recommended 
value shown in this table, trac will increase by the amount that trcp exceeds the value 
shown. 


Assumes that tacp 2 tRcp (Max.). . 
Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
Operation within the trcp (Max.) limit insures that trac (Max.) can be met. tacp (Max.) 


is specified as a reference point only; if tacp is greater than the specified trcp (Max.) 
limit, then access time is controlled exclusively by tc ac. 


twcs and tcwp are not restrictive operating parameters. They are included in the data 
sheet as electrical charcteristics only; if twos 2 twcs (min.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwp = tcwp (min.), the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied the condition of the data out (at access time) is indeterminate. 


Page mode cycle. 
CAS before RAS Refresh Counter Test Cycle only. 
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READ CYCLE 


VIH- 
Vie= 
tcrs 


t 


al tcas 


vi- QB sabe at ms | 


= tres | 


vi LLL | —= a AL 


V7) Don’t Care 


WRITE CYCLE (EARLY WRITE) 


: tre 
$$$ __________—_ 
Vin— RAS 
Vy=— : 
tcrs | tC SH inci 

tRCD ‘CASS 
ViH- . 
Vit ; 
tasrm| |tRAHtasc tCAH | 


vit LK siti KK ELL 


ea 
aie LE MMMM 


TRWL 


N/M as 


Vou- 
OH OPEN 
VOL~ 


GA Don’t Care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 


VIH- 
Vit- 
tcrRs| = 
tRcpb 
Viu— ' : 
CAS te 
tRAH tasc 


TASR tCAH 


| 
Addresses yt an geek Gy canine —— <p 


tcwL—| 


tRcs tcwbD TRWL 
ViH— 
Vit~ 
| tCAC twPe—} —>| tOFF 
VOH— Open 4 Valid Data ) 
VoL— =e 
DS 


\ TEE on NTT 


GZ Don’t Care 


PAGE MODE READ CYCLE 


= 


a stl yall : 


Adresses VIL- 


Fe-tCAC t lise 
eke OFF 
Zon: OPEN OPEN—{ }) 
1H - 
IL - 


VOL 


tRCS = 
| tacs tRCH| ce 


ZZ""'4"","L""= Don't Care 
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PAGE MODE WRITE CYCLE 


tRSH 
<e tCAS 
pasa 


jy 
vit Y CP MUM UU 


twCH}——=+ twCH|}=-—=} 


tCWL tCWL 
we vt: ZZ, MI.___ HMM s,_ TEL 


WRWL 
mtDH tps {DH t 
D 


Din ae WF IN ataM vena oar 


WA ci le day? = Don't Care 


WP, 


PAGE MODE, READ-MODIFY-WRITE CYCLE 


ViH_- 
Vit— 
tpRWC tcp 


// 


IL \ 
dresses ae TNS Add Koh CMMMEaN,ES Gls LLL: ‘ 


tCWD tRCs tCWD twp | ‘CW 
t 
is~ 7) \ Es «|: WME TM: 
7 om | wg 'DH | 


DH twp 


vit LAL XOX LEE 


| -—tcac—] torr le ‘OFF 
' ene tCAC h-tCAC 
Dout VOU OPEN OPEN 


“H'', “L" = Don't Care 
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RAS ONLY REFRESH CYCLE 


Addresses 


NOTE: CAS = Vy, WE, Dy = Don't care 


ViH— 
Vii= 
RAH tRp 


eM ans OO 


OPEN 


(77/74 Don't Care 


CAS-BEFORE-RAS REFRESH CYCLE 


NOTE: Address, WE, Din = Don’t care 


tRP 


We ee 


tOFF 
one OPEN 
VoL— 


Don’t Care 
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HIDDEN REFRESH CYCLE 


ipl ese BL BE WX: 


tres tRRH | 


Me MMM ae MMM 


Vis 


VOH- 
VoL— 


(Reaawrie) vi LLL dd)ddétwwnwttttttttttbtt 


V/7A Don't Care 


ViIH- 
Vit 
tecs tRSH 


tcas 
VIH- 


. De AAA a A 
WE ina — 


| ae z 


tRcs tcwD Sapa 


we wie WI YY WL 
ee /MMMMM MMs, [oa I 


EZ Don't ca 
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FUNCTIONAL DESCRIPTION 


Simple Timing Requirements: 

The MSM41256A has the circuit..considera- 
tions for easy operational timing requirements 
for high speed access time operations. The 
MSM41 256A can operate under the condition of 
tRcop (max) = tcac which provides an optimal 
time space for address multiplexing. In addition, 
the MSM41256A has the minimal hold time of 
Address (tcaH), WE (two) and Dyn (tpH). And 
the MSM41256A can commit better memory 
system through-put during operations in an inter- 
leaved- system. Furthermore, Oki has made 
timing requirements referenced to RAS non- 
restrictive and deleted from the data sheet, 
which includes tar, twcr, topHR and trwp. 
Therefore, the hold times of the Column Address 
Din and WE as well as tcwp (CAS to WE Delay) 
are not restricted by tacp. 


Fast Read- While-Write Cycle: 

The MSM41256A has the fast read while 
write cycle which is achieved by excellent con- 
trol of the three-state output buffer in addition 
to the simplified timings described in the pre- 
vious section. The output buffer is controlled 
by the state of WE when CAS goes low. When 
WE is low during CAS transition to low, the 
MSM41256A goes to early write mode where 
the output becomes floating and common |/O 
bus can be used on the system level. Whereas, 
when WE goes low after tcwp following CAS 
transition to low, the MSM41256A goes to 
delayed write mode where the output contains 
the data from the cell selected and the data from 
Din is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 


Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,144 storage 
cell location within the MSM41256A. Nine row- 
address bits are established on the input pins 
(Ao through As) and latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the falling edge of RAS. CAS is internally inhibit- 
ed (or “gated”) by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) Specification has been satisfied and the 
address inputs have been changed from row- 
addresses to column-addresses. 


= DYNAMIC RAMS -MSM41256A = 


Write Enable: 
The read or write mode is selected with the 


WE input. A logic “high” on WE dictates read 


mode, logic “low” dictates write mode. Data input 
is disabled when read mode is selected. 


Data Input: 

Data is written into the MSM41 256A during a 
write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in (Djj) 
register. In a write cycle, if WE is brought “low” 
(write mode) before CAS, Dyj is strobed by CAS, 
and the set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed 
until CAS has made its negative transition. Thus 
Din is strobed by WE, and set-up and hold times 
are referenced to WE. 


Data Output: 

The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data in. The 
output is in a high impedance state until CAS is 
brought “low”. In a read cycle, or a read-write 
cycle, the output is valid after tRac from transi- 
tion of RAS when tRcp (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tacp (max). Data remain valid until 
CAS is returned to “high”. In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permits strobing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn’t change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 
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RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A”) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Ao to A’) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
_ dissipation. 


CAS Before RAS Refresh: 

CAS before RAS refreshing available on the 
MSM41 256A offers an alterhate refresh method. 
If CAS is held_on low for the specified period 
(teCs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 


Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaining latest valid data at the output by ex- 
tending CAS active time from the previous 
memory read cycle. In MSM41256A hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the counter are 
used to refresh_addresses, because CAS is 
always low when RAS goes to low in this mode. 
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CAS Before RAS Refresh Counter Test Cycle: 
A special timing sequence using CAS before 
RAS counter test cycle provides a convenient 
method of verifying the functionality of CAS 
before RAS refresh activated circuitry. AS shown 
in CAS before RAS Counter Test Cycle, if CAS 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 
* AROW ADDRESS 
— Bits Ao through A: are defined by the refresh 
counter. The other bit As is set “high” 
internally. 
* ACOLUMN ADDRESS 
— All the bits Ao through As are defined by 
latching levels on Ao through As at the 
second falling edge of CAS. 


Suggested CAS before RAS Counter Test 
Procedure: aes ie 
The timing, as shown in CAS before RAS 

Counter Test Cycle, is used for all the operations 

described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 


ROW DECODER 


2 
25 


4 
6 
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MSM41 256A Bit Map (Physical-Decimal) 


256 | 257 | 258 | 259 
256 | 257 | 258 | 259 
384 | 384 | 384 | 384 
256 | 257 | 258 | 259 
te |i | 
256 | 257 | 258 | 259 
385 | 385 | 385 | 385 


257 | 258 | 259 
254 | 254 | 254 
256 | 257 | 258 | 259 
510 | 510 | 510 | 510 
256 | 257 | 258 | 259 
255 | 255 | 255 | 255 
256 | 257 | 258 | 259 
511 | 511 | 511 | 511 


cc 
WW 
a) 
oO 
O 
Lu 
a) 
Zz 
= 
= 
onl 
O 
O 


3 2 256 | 257 | 258 | 259 
383 |; 383 | 383 383 

3 2 256 | 257 | 258 | 259 
nae tar |i sr 
256 | 257 | 258 |°259 
ss set bs [ines 3 
256 | 257 | 258 | 259 
eae fa |i |i 


256 | 257 | 258 | 259 
257 | 257 | 257 | 257 


256 | 257 | 258 


127 


382 | 382 | 382 | 382 


12 


ea 
Lu 
Q 
O 
© 
Ww 
a) 
Zz 
= 
=) 
— 
O 
O 


0 Pin 16 
511 | 510 | 509 | 508 
128 | 128 | 128 | 128 
511 | 510 | 509 | 508 
384 | 384 | 384 | 384 


511 | 510 | 509 | 508 
129 | 129 | 129 | 129 


511 | 510 | 509 | 508 
385 | 385 | 385 | 385 


511 | 510 | 509 | 508 
254 | 254 | 254 | 254 
511 | 510 | 509 ; 508 
Si 5050 
511 | 510 | 509 | 508 
255 | 255 | 255 | 255 
511 | 510 | 509 | 508 
511 | 511 | 511 | 511 


ROW DECODER 


511 | 510 | 509 | 508 
383 | 383 
511 | 510 | 509 | 508 
tar |r| 
511 | 510 | 509 | 508 
382 | 382 | 382 | 382 
511 | 510 | 509 | 508 
foe | ee 


511 | 510 | 509 | 508 
257 | 257 | 257 | 257 
511 | 510 508 
eel 


255 3 256 | 257 | 258 511 | 510 | 509 | 508 
256 256 | 256 | 256 | 256 256 | 256 | 256 256 | 256 | 256 | 256 
255 256 | 257 | 258 511 | 510 508 
0 0 0 @) 0 0 0 0 
A8& ROW =“L” A8 ROW =“H” 
REFRESH ADDRESS REFRESH ADDRESS 
(0 — 255) (0 — 255) 
O 
Pin 8 
A CELL A =ROW ADDRESS (DECIMAL) 
B B=COLUMN ADDRESS (DECIMAL) 
ROW ADDRESS COLUMN ADDRESS 
8N+6, 8N+7, 8N, 8N+1 2N : POSITIVE 
8N+2, 8N+3, 8N+4, 8N+5 2N ‘ NEGATIVE 
8N+6, 8N+7, 8N, 8N+1 2N+1 > NEGATIVE 
8N+2, 8N+3, 8N+4, 8N+5 2N+1 : POSITIVE 
N=0,1,2,°°°" 63 N=0,1,2,°°°" 255 
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OKI semiconductor 
MSM41257A 


262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Nibble Mode Type > 


GENERAL DESCRIPTION 


The Oki MSM41257A is a fully decoded, dynamic NMOS random access memory organized as 
262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa- 
tion and compact layout is required. 

Multinlexed row and column address inputs permit the MSM41257A to be housed in a standard 
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the 
MSM41257A offers new functional enhancements that make it more versatile than previous dynamic 
RAMs. “‘CAS-before-RAS” refresh provides an on-chip refresh capability. 
high speed serial access to up to 4 bits of data. 

The MSM41257A is fabricated using silicon gate NMOS and Oki’s advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 


Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 
output are TTL compatible. 


FEATURES 


@® 262,144 x 1 RAM, 16 or 18 pin package @ Single +5V Supply, +10% tolerance 
® Silicon-gate, Double Poly NMOS, single @ Allinputs TTL compatible, low capacitive load 
transistor cell e Three-state TTL compatible output 
@ Row access time: e “Gated” CAS | 
100 ns Max (MSM41257A-10) @ 256 refresh cycles/4 ms _ 
120 ns Max (MSM41257A-12) @ Common I/O capability using “Early Write” 
150 ns max (MSM41257A-15) operation | 
@ Cycle time: @ Output unlatched at cycle end allows 
200 nsmin (MSM41257A-10) extended page boundary and 
220nsmin (MSM41257A-12) two-dimensional chip select 
260 ns min (MSM41257A-15) ® Read-Modify-Write, RAS-only refresh, 
@ Low power: capability 
330 mW active (MSM41257A-10) @ On-chip latches for Addresses and Data-in 
303 mW active (MSM41257A-12) @ On-chip substrate bias generator for high 
275 mW active (MSM41257A-15) performance 
28 mW max standby @ CAS-before-RAS refresh capability 


@ “Nibble Mode” capability 


PIN CONFIGURATION (TOP VIEW) 


Din A,Vsg CAS 
Pin Names Function 


Ao~ As Address Inputs 


Function 
Row Address Strobe Address inputs 


Column Address Strobe : Row Address Strobe 
Cotumn Address Strobe 


Write Enable Write Enebte 


Data Input o ‘ Oata Input 
: Oeta Output 
Power (+5¥V) 
Power Supply (+5V) Ground (OV) 
No Connection 


Data Output 


Ground (OV) 
* Refresh Address 
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FUNCTIONAL BLOCK DIAGRAM 


Timing 
Generator poe 
sect Oat sence 


Generator 


Write 
Clock 


Column Generator 
Buffers Decoders 


Internal Refresh 
Address 1/0 Output 
ecscniee Control Clock Sense Amps "| sen 7] S| Dout 


Row 
Address 
Buffers 


Memory Data 


Input 
eels Register 


On chip Veg 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss V 
Operating temperature °C 
Storage temperature 2 °C 
Power dissipation F Ppt W 
Short circuit output current BD mA 


Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 


Parameter Symbol Min Typ. Max. ried 
Supply Voltage 


4 DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 
Parameter Symbol | Min. | Max. | Unit | Notes 


OPERATING CURRENT* MSM41257A-10 fee) 260es 
Average power supply current MSM41257A-12 | Icct | | BB mA 
(RAS, CAS cycling; tac = min.) MSM41257A-15 | | 50 


STANDBY CURRENT 
Power supply current Ilcc2 mA 
(RAS = CAS = Vip) 


REFRESH CURRENT 1 MSM41257A-10 ae re 
Average power supply current MSM41257A-12 | Ioc3 ae ee mA 
(RAS cycling, CAS = VjH; tac = Min.) [\MSM41257A-15 

NIBBLE MODE CURRENT* MSM41257A-10 cas Ord 
Average power Supply current MSM41257A-12 | Ioc4 ae ee mA 
(RAS = Vi, CAS cycling; tc = min.) [\WSM41257A-15 
REFRESH CURRENT 2 MSM41257A-10 are es 
Average power supply current MSM41257A-12 | Ilocos | | 50 | mA 
(CAS before RAS; tac = min.) MSM41257A-15 | | 45 


INPUT LEAKAGE CURRENT , 10 10 A 
Input leakage current, any input LI M 
(OV <Vjn <5.5V, all other pins not under test = OV) | 

OUTPUT LEAKAGE CURRENT 40 10 A 
(Data out is disabled, OV < VoytT < 5.5V) LO 
OUTPUT LEVELS | 

Output high voltage (Iox = —5 mA) VOH 2.4 V 
Output low voltage (IoL = 4.2 mA) VOL 0.4 V 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (Ao ~ As, Din) ee ee ee 
Input capacitance (RAS, CAS, WE) | ome [| - | o7 | pF 
Output capacitance (DoyT) | cour | - |” 


Capacitance measured with Boonton Meter. 


103 


= DYNAMIC RAMS -MSM41257A @ 


AC CHARACTERISTICS , 4 
(Recommended operating conditions unless otherwise noted.) Note 1, 2,3 


peomeasirte oe pelea: 
Parameter Symbol | Unit Notes 


ata fe tar 
Se a 


= 
| — a or write tRC js | 200} 220 - 260 4 
Read-write cycle time ftawc [ns | 205] 225 Ll 260 a 
| Access time from RAS ‘trac [ns | | 100. 120 | | 180 | 4,6 
Access time from CAS ‘tcac [ns | | so} | eo] | 75 | 5,6 


scorer low [fo [ [= [=| + [of 
Tansionine [4 [wm | a| so] | | | 
EAS erchereetme [isp |r| oo] | | | oo] 
FAB ulsowan | twas | n@ | 100 | ove | 120 | rons | 190 | ose 
GSrosine _[insw_| re | eo] | | | | 
GFSratne tos [re | 100] | vz] | veo] 
ee 
CAS to RAS set-up time tors ‘teas [ns | 20; | 25] | 30. 


Row address set-up ' 
time ASR 


Row address hold time tRAH age if | as] |] 18) 


Column address set-up , 

time ASC 

Column address hold 

Read command set-up ' 

time RCS 

Read command hold t 

time referenced to CAS | ‘RCH 
Read command hold 

Write command set-up ' 

time WCS 


DD 
o) 
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AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


MSM41257A- | MSM41257A- | MSM41257A- 
Parameter Symbol | Unit 10 ae Cacs Notes 


gm ee [ef e) =| | 

width 

arom [we fe fel [al [o| 
wcmar” [mm [=| =| [a] [el 

gear [ew [=[=| [«[ [=| | oe 


Data-insetuptine | tos |e | o | | 0 | | oe | 


paainnoatine [won [ws | 2] | | | | 
WE Adavine | tow |e | 16) | | | 2s| | 
Refresh set-up time for 

ee . is fe 
Refresh hold time for 

CAS precharge time 

RAS precharge to 

Nibble mode read/write 

Nibble mode read-write 

Nibble mode access 

Nibble mode CAS 

Nibble mode CAS 

Nibble mode read 

Nibble mode write t 9 
RAS hold time NWRSH 

Nibble mode CAS hold 
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AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


| MSM41 257A- Caer MSM41257A- 
Parameter Symbol | Unit rae aa Notes 


Refresh counter test 
Refresh counter test 
Refresh counter test 


Notes: 1 Ahn initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 The AC characteristics assume at ty =5 ns 


3 Vi (Min.) and Vj, (Max.) are reference levels for measuring of input signals. Also transi- 
_ tion times are measured between Vjjp and Vj_. 


4 Assumes thattpcp <trRcp (Max.). If tacp is greater than the maximum recommended 
value shown in this table, tRac will increase by the amount that tacp exceeds the value 
shown. 


5 Assumes that tRacp = tRcp (Max.). 
6 Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
7 Operation within the trcp (Max.) limit insures that thac (Max.) can be met. tpcp (Max.) 


is specified as a reference point only; if trcp is greater than the specified tacp (Max.) 
limit, then access time is controlled exclusively by tcac. 


8 twcs and tcwp are not restrictive operating parameters. They are included in the data 
sheet as electrical charcteristics only; if twos = twcs (min.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwp = tcwp. (min.), the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is 
satisfied the condition of the data out (at access time) is indeterminate. 


9 Nibble mode cycle. 
10 CAS before RAS Refresh Counter Test Cycle only. 
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READ CYCLE 


tRRH 


ie) ne 7, ee UMMM 


ViH- 


Vit 


| 
Vou_ 
OH ee §—() P F f\) 
VOL— 


Don’t Care 


WRITE CYCLE (EARLY WRITE) 


VIiH- 
Vit~ 
tCRS 


ViH- 


Vit 
tasrR| |tRAHtASC tCAH 


vie LA nasvess KR MMMM 


ee MMM ———— OOO: 


TRWL 


tps 


\"" I. SL 


VOH- 
OH OPEN 


VOL~ 
GZ Don’t Care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 


tRAH tasc one 


| 
| Addresses IH sia gros yn ielareoremm |= 


tTRWL 


VOH- | 


DOUT vVo.-. | 
on <" WEEE a: MOTTILZ 


Z Don’t Care 


NIBBLE MODE READ CYCLE 


Ss reo 
Oye 7 t — 
CAS VIHO : Ulf ie CAS a 


Vit 


tASR tRAH : ; 


ene. cen mens MMMM, 


VOH- 


O 
DOUT VoL— 


ZF Don't Care 
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NIBBLE MODE WRITE CYCLE 


Addresses 


tRP 
tCSH tNnwrR\ Hij;t 
tRCD aan, 7 S RNH 
t 
Vin 7 ce od My 
Vit- Uf 


TASR ~ tNCP Ee al 


tNCAS 


vie D 888 MLL 


vic- LD sm | LZ Mid, LLM 


tos} |toH 
gene 


vit- LM EE XA EOE OK EE IL 


V — 
OH Open 
VoL— 


Y Don’t Care 


-NIBBLE MODE READ-WRITE CYCLE 


Addresses 


tRAS 


tNWRSH| | tRNH 
tNRWC 


taSR| |tRAH aa tnep| |_| 
'*NCAS 


vi ES 


tcwbdD ‘ow. tTRWL 


tTCWL 


vit- La | MLL Mm LLL 


tcCAC tNCAC 


Vo Data Data 


ee 
tps ton 


vi, MMMM_s OE KK _vas KK_dae KZ 


Wl Don't Care 
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RAS ONLY REFRESH CYCLE 


Addresses 


re a 


CAS-BEFORE-RAS REFRESH CYCLE 
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NOTE: CAS = Vy, WE, Diy = Don’t care 


ViH- 
Vit= 
RAH trp 


\"- WOO _ Sn NMU~*"Eaunz—_ QZ 


OPEN 


GZ Don't Care 


NOTE: Address, WE, Dj = Don’t care 


tre 
tRP 


Vit 
tRPC 
tCPR 


ye VJ“. 


tOFF 
sone OPEN 
med 
VoL— 


V//A Don't Care 
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HIDDEN REFRESH CYCLE 


WLP at — 


TASR Lt 
fais 


vi - Es BEE 3 MLM 


tres tRRH 


\ CLL Mii 


VOH- 
VoL— 


(Read write) vin LLL MM 


V//A Don’t Care 


nations YH Ay eae Al 
sa ae 


OFF 


V Fe (a 
on 4 Valid Data > 
VoL— : 
t 


tcwL —| 
t 


nee.” LOT ae WW 
8 ~ I ITEEXZZE a cae 


GZ Don’t Care 
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FUNCTIONAL DESCRIPTION 


Simple Timing Requirements: 

The MSM41257A has the circuit considera- 
tions for easy operational timing requirements 
for high speed access time operations. The 
MSM41 257A can operate under the condition of 


tRcp (max) = tcac which provides an optimal . 


time space for address multiplexing. In addition, 
the MSM41257A has the minimal hold time of 
Address (tcAH), WE (twcH) and Dyn (tpp). And 
the MSM41257A can commit better memory 
system through-put during operations in an inter- 
leaved system. Furthermore, Oki has made 
timing requirements referenced to RAS non- 
restrictive and deleted from the data sheet, 
which includes tar, twcr, tpbHR and trwp. 
Therefore, the hold times of the Column Address 
Din and WE as well as tewp (CAS to WE Delay) 
are not restricted by tncp. 


Fast Read- While-Write Cycle: 

The MSM41257A has the fast read while 
write cycle which is achieved by excellent con- 
trol of the three-state output buffer in addition 
to the simplified timings described in the pre- 
vious section. The output buffer is controlled 
by the state of WE when CAS goes low. When 
WE is low during CAS transition to low, the 
MSM41257A goes to early write mode where 
the output becomes floating and common I/O 
bus can be used on the system level. Whereas, 
when WE goes low after tcwp following CAS 
transition to low, the MSM41257A goes to 
delayed write mode where the output contains 
the data from the cell selected and the data from 
Din is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 


Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,144 storage 
cell location within the MSM41257A. Nine row- 
address bits are established on the input pins 
(Ao through As) and latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input. pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the falling edge of RAS. CAS is internally inhibit- 
ed (or “gated”) by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row- 
addresses to column-addresses. 


Write Enable: 

The read or write mode is selected with the 
WE input. A logic “high” on WE dictates read 
mode, logic “low” dictates write mode. Data input 
is disabled when read mode is selected. 
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Data Input: 

Data is written into the MSM41 257A during a 
write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in (Dyn) 
register. In a write cycle, if WE is brought “low” 
(write mode) before CAS, Dyx is strobed by CAS, 
and the set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed 
until CAS has made its negative transition. Thus 
DjN is strobed by WE, and set-up and hold times 
are referenced to WE. 


Data Output: 

The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data in. The 
output is in a high impedance state until CAS is 
brought -“‘low”. In a read cycle, or a read-write 
cycle, the output is valid after trac from transi- 
tion of RAS when trcp (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tacp (max). Data remain valid until 
CAS is returned to “high”. In a write cycle, the 
identical sequence occurs, but data is not valid. 
Nibble Mode: 

Nibble mode allows high speed serial read, 
write or read-modify-write access of 2, 3 or 4 
bits of data. The bits of data that may be ac- 
cessed during nibble mode are determined by 
the 8 row addresses and the 8 column addres- 
ses. The 2 bits of addresses (CAs RAs) are used 
to select 1 of the 4 nibble bits for initial access. 
After the first bit is accessed by normal mode, 
the remaining nibble bits may be accessed by 
CAS “high” then “low” while RAS remains “low”. 
Toggling CAS causes RAs and CAs to be incre- 
mented internally while all other address bits are. 
held constant and makes the next nibble bit 
available for access. (See Table 1) 

If more than 4 bits are accessed during 
nibble mode, the address sequence will begin to 
repeat. If any bit is written during nibble mode, 
the new data will be read on any subsequent 
access. If the write operation may be executed 
again on subsequent access, the new data will 
be written into the selected cell location. 

In nibble mode, the three-state control of 
DouT Pin is determined by the first normal ac- 
cess cycle. as 

The data output is controlled by only WE 
state referenced at CAS negative transition of 
the normal cycle (first Nibble bit). That is, when 
twcs > twcs (min) is met, the data output will 
remain open circuit throughout the succeeding 
Nibble cycle regardless of WE state. Whereas, 
when tcwp > tcwp (min) is met, the data 
output will contain data from the cell selected 
during the succeeding nibble cycle regardless of © 


WE state. The write operation is done during the 


_——— 


period where WE and CAS clocks are low. 
Therefore, write operation can be done bit by bit 
during each nibble operation at any timing condi- 
tions of WE (twcs and tcwp) at the normal 
cycle (first Nibble bit). 
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Table1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 
NIBBLE ROW COLUMN 

SEQUENCE BIT RAs ADDRESS CAs ADDRESS 

RAS/CAS (normal mode) 1 @) 10101010 O 10101010 ...input addresses 
toggle CAS (nibble mode) 2 1 10101010 O 10101010 

toggle CAS (nibble mode) 3 O 10101010 1 10101010 generated inter- 

ee nally sequence 

toggle CAS (nibble mode) 4 1 10101010 1 10101010 repeats 

toggle CAS (nibble mode) 1 0 10101010 O 10101010 


RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A”) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Ao to A’) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 


CAS Before RAS Refresh: 

CAS before RAS refreshing available on the 
MSM41 257A offers an alternate refresh method. 
If CAS is held_on low for the specified period 
(tecs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 


Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaining latest valid data at the output by ex- 
tending CAS active time from the previous 
memory read cycle. In MSM41257A hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the counter are 
used to refresh_addresses, because CAS is 
always low when RAS goes to low in this mode. 


CAS Before RAS Refresh Counter Test Cycle: 
___A special timing sequence using CAS before 
RAS counter test cycle provides a convenient 
method of verifying the functionality of CAS 
before RAS refresh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CAS 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 
* AROW ADDRESS 
— Bits Aothrough A?’ are defined by the refresh 
counter. The other bit As is set “high” 
internally. 
* ACOLUMN ADDRESS 
— All the bits Ao through As are defined by 
latching levels on Ao through As at the 
second falling edge of CAS. 


Suggested CAS before RAS Counter Test 
Procedure: eae ee ss 
The timing, as shown in CAS before RAS 

Counter Test Cycle, is used for all the operations 

described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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NIBBLE MODE 


1) The case of first nibble cycle is Early write 


DouT > nz 
ae teal oie Oe PEN eet See 


(Add Increment) V/A: Valid Data 


2) The case of first nibble cycle is delyed write (Read-Write) 


Fes Ballas seth oe ae oe Read-Write ra 


V/A: “Valid Data 
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MSM41257A Bit Map (Physical-Decimal) 


0 Pin 16 

3 2 1 O 256 | 257 | 258 | 259 511 | 510 | 509 | 508 

8 128 | 128 | 128 | 128 128 | 128 | 128 | 128 128 | 128 | 128 | 128 
08 


fo} 


511 | 510 | 509 


252 | 253 | 254 | 255 

128 | 128 | 128 | 12 

252 | 253 | 254 | 255 
384 | 38 


hh 
23s 8 
© 
BAN 


256 | 257 | 258 | 259 
384 | 384 | 384 | 384 


1) 
109) 
rs 
ao mn 
fos) 
aS 


3) 2| 1 
384 384 | 384 | 384 | 384 384 | 384 
252 | 253 | 254 | 255 3/ 2| 1/ 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508 
129 | 129 | 129 | 129 129 | 129 | 129 | 129 129 | 129 | 129 | 129 129 | 129 | 129 | 129 
252 | 253 | 254 | 255 3[°2\| ac) 6 i 257 | 258 | 259 511 | 510 | 509 | 508 
385 | 385 | 385 | 385 385 | 385 | 385 | 385 Q || 385 | 385 | 385 | 386 385 | 385 | 385 | 385 
3 
ra 
252 | 253 | 254 | 255 3| 2 = 510 | 509 | 508 
254 254 | 254 254 | 254 | 25 5 254 
O 


BEE 
=a|/|/aQn — 
o-as | km 


252 | 253 | 254 | 255 3 

510 | 510 | 510 | 510 510 | 510 | 5 
252 | 253 | 254 | 255 3 256 | 257 511 | 510 | 509, | 508 
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 5 |} 255 | 255 | 255 
252 | 253 | 254 | 255 3 2 1 6) 256 | 257 | 258 | 259 511 | 510 | 509 | 508 
511 511 511 | 511 ; ee 511 | 511 511 | 511 511 | 511 | 511 | 511 


ROW DECODER ROW DECODER 


252 | 253 | 254 | 255 3 2 1 6) 256 | 257 | 258 | 259 
383 | 383 | 383 {| 383 383 | 383 | 383 | 383 383 

3 2 1 6) 256 | 257 | 258 | 259 

127 127 127 |} 127 | 127 | 127 

254 | 255 3 2 1 0 256 | 257 | 258 | 259 

382 82 | 382 | 382 382 | 382 | 382 382 | 382 | 382 | 382 

252 | 253 | 254 | 255 3 2 1 ) 256 | 257 | 258 | 259 

126 | 1 126 | 126 126 | 126 | 126 | 126 


256 | 257 | 258 | 259 
257 | 257 | 257 | 257 
256 | 257 | 258 | 259 
256 | 257 | 258 | 259 
256 | 256 | 256 | 256 


256 | 257 | 258 


510 | 509 | 508 
51 510 | 510 | 510 


NO 


NO 
aw 
12) NO 
= 162) 


NO 
on 


509 | 508 
511 | 510 | 509 | 508 
127 | 127 | 127 | 127 
511 | 51 508 
382 


511 | 510 | 509 | 508 
126 | 126 | 126 | 126 


Oo 


(>) 
@ 
Nh 
w 
(ee) 
i) 
oOo n 
© 
Le) 


COLUMN DECODER 


O 0 0 
A8 ROW =“L” A8 ROW =“H” 
REFRESH ADDRESS REFRESH ADDRESS 
(0 — 255) (0 — 255) 
fd 
Pin8 
A - CELL A =ROW ADDRESS (DECIMAL) 
B ; B =COLUMN ADDRESS (DECIMAL) 
ROW ADDRESS COLUMN ADDRESS 
8N+6, 8N+7, 8N, 8N+1 2N : POSITIVE 
8N+2, 8N+3, 8N+4, 8N+5 2N : NEGATIVE 
8N+6, 8N+7, 8N, 8N+1 2N+1 : NEGATIVE 
8N+2,8N+3, 8N+4, 8N+5 2N+1 : POSITIVE 
N=0,1,2,°°°" 63 N=0,1,2,°°°" 255 
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OKI semiconductor 
MSM41464 


65,536-WORD < 4-BITS DYNAMIC RANDOM ACCESS MEMORY 


GENERAL DESCRIPTION 


i The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as 
65,536 words by 4 bits. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa- 
tion and compact layout is required. 

Multiolexed row and column address inputs permit the MSM41464 to be housed in a standard 18 
pin DIP or PLCC. Pin-outs. conform to the JEDEC approved pin out. Additionally, the MSM41464 
offers new functional enhancements that make it more versatile than previous dynamic RAMs. “CAS- 
before-RAS” refrésh provides an on-chip refresh capability. 

The MSM41464 is fabricated using silicon gate NMOS and Oki’s advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and 


output are TTL compatible. 


FEATURES 


@® 65,536 X 4 RAM, 18 pin package 
® Silicon-gate, Double Poly NMOS, single 
transistor cell 
® Row access time: 
100 ns max (MSM41464-10) 
120 ns max (MSM41464-12) 
150 ns max (MSM41464-15) 
@ Cycle time: 
200 ns min (MSM41464-10) 
220 ns min (MSM41464-12) 
260 ns min (MSM41464-15) 
@ Low power: 
385 mW active (MSM41 464-10) 
360 mW active (MSM41 464-12) 
330 mW active (MSM41 464-15) 
28 mW max standby 


Single +5V Supply, +10% tolerance 
Allinputs TTL compatible, low capacitive load 
Three-state TTL compatible output 

“Gated” CAS 

256 refresh cycles/4 ms . 

Output impedance controllable through early 
write and OE operations 

Output unlatched at cycle end allows 
extended page boundary and 
two-dimensional chip select 
Read-Modify-Write, RAS-only refresh, 
capability 

On-chip latches for Addresses and Data-in 
On-chip substrate bias generator for high 
performance 

CAS-before-RAS refresh capability 

‘Page Mode” capability 


PIN CONFIGURATION (TOP VIEW) 


Pin Names Function 
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Pin Names Function 


Ao~ Ar Address Inputs 
OS ees a oar Ao~ Ar Address inputs 
eee : CAS fas Row Address Strobe 
Column Address Strobe D Q, oe EET PLIES 
= ee — ae = Ao pa,—DaQ Data In/Data Out 
ea ray Eisele ee oe A, OE Output Enable 
Ree ell Se a A, WE Write Enable 
Voc Power Supply (+5V) 
a ee Yoo _| Bre op 
ss roun 
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FUNCTIONAL BLOCK DIAGRAM 


RAS Timing 
CRS nie 
CAS in 
ay Generator 
Write a 
Clock WE 


Column 
Address 
Buffers 


Generator 
Column 
Decoders 
OE 
1/0 Output 


Internal 


Refresh 


~A> A 
Ao~A beaaie: Control Clock 

Row DQ:~DQ, 

Address 

Buffers 
Row Word 
ne Brae Memory Data 

e riv Cel Input 
cod- cS ons Register 
ers 
VCC 


On chip Veg 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating Symbo unit 
Voltage on any pin relative to Vss VIN, VOUT | -ttot+7 | V 


Operating temperature Oto 70 °C 


Storage temperature —55 to +150 °C 
1.0 


Power dissipation 


Short circuit output current a 50 mA 


Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 


rete [me Sete Sia 


Supply Voltage 


) DC CHARACTERISTICS 
| (Recommended operating conditions unless otherwise noted.) 


Parameter Symbol | Min. | Max. | Unit | Notes 
OPERATING CURRENT* IMSM41464-10 _ 464-10 
Average power supply current [MSM41464-12 | Icc1 mA 
(RAS, CAS cycling; tac = min.) MSM41464-15 | 60 | 


STANDBY CURRENT* 

Power supply current | Ioce2 5.0 mA 
(RAS =CAS = Vy) 

REFRESH CURRENT 1* IMSM41464-10 | 464-10 | 60 | 
Average power supply current MSM41464-12 | Icc3 | 55 | mA 
(RAS cycling, CAS = Vin; tac =min.) |MSM41464-15 
PAGE MODE CURRENT* MSM41 464-10 
Average power Supply current MSM41 464-12 lcc4 mA 


(RAS = Vi,, CAS cycling; tpc =min.) |MSM41464-15 
REFRESH CURRENT 2* MSM41 464-10 4 65 


Average power supply current MSM41 464-12 Iccs 
(CAS before RAS; tac = min.) MSM41 464-15 
INPUT LEAKAGE CURRENT 

Input leakage current, any input ,; 10 10 A 
(OV < Vin <5.5V, all other pins not LI = ‘s 
under test = OV) 

OUTPUT LEAKAGE CURRENT 10 10 A 
(Data out is disabled, OV < VouT < 5.5V) LO _ e 
OUTPUT LEVELS 

Output high voltage (IoH = —5 mA) VOH 2.4 OV 
Output low voltage (Io, = 4.2 mA) VOL 0.4 V 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 


<|<|<|< 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (Ao ~ A?) rr ee pF 
Input capacitance (RAS, CAS, WE, OE) | ono | - | o7 | pF 
Data I/O capacitance (DQ: ~ DQa4) ee ee a pF 


Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS , 
(Recommended operating conditions unless otherwise noted.) Note 1, 2,3 


-MSM41464- ee MSM41464- 
Parameter | Symbol | Unit ere i Notes 


Cc 
er aa Ce aM 


gem [ee [ele] fmf fl 
| Read-write cycle time stawo | ns 270 Ll 300 | | a5} 
reenasecreetne [ipo | me | 100) [rao] | ms] 
Access time from RAS Ce ee ee 4,6 
Access time from CAS =} | 


Output buffer turn-off 


delay 7 
Transition time 50 

RAS precharge time tap 100 

RAS pulse width 10ys 10yus 
RAS hold time | tasy | 78 

CAS precharge time 

(Page mode cycle only) | ‘CP Eo 


CAS pulse width ICA 50 10us 10us 


CAS hold time 120 150 


maak, 
oO 
O 
O O 
oO NO ol 


NO 


RAS to CAS delay time tRC 7,8 


CAS to RAS set-up time | tcRr 


NO 
oO 
16) 


Row address set-up 
time 


Row address hold time tRA 


oO 
—_ 
oO 


NO ND - 


Column address set-up a 
time AS 


Column address hold 
time 


- 


6 > ‘o} 
> oo vo 
~ rT o ltlhd|]dL BD hU6UlMMUdIOUdIzhUdlO 


Read command set-up ' 
time RC 


Read command hold 
time 'RCH 


Write command set-up 


time ; 


© 


i 
O 
~ 
NO 
NO lt 
© 


120 


= DYNAMIC RAMS - MSM41464 a 


AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


MSM41464- wa ac fe ae 
Parameter Symbol | Unit 10 Notes 


[| [a ee 


Write command pulse 

aa oS 

eal ent te) ed 

gromm™ew (=f) |=) =| 

swam [ow [=[+[ [=] [=| 
fos | ns | 0 ed 


Data-in set-up time 


casinvactne ton | | as] | wo) | | 
Ean Cs ST 
aT 


Read command hold 
time reference to RAS 'RRH- 
AccesstimefromOE | tOEA a a 2 


OF data delay time ave | ae eT I 
OF hod time toc | ns | of | oe} | oe] 


meager fo || o| | 0] | eo] @ 
See |= [-[=| [=| [=| 
scare [= [|= [=| [ol 
sonar [we [=| =| [=| [=| 
memes” fon [=| =| [=| [=| 
seer aay | tne | me | s00| | 430] | sto] 
Porras | as | m | 280| sO] 80 |p| | tne 
parsers | ‘cor || oo | wo | | vo] 
seme [owl «| me] [ow] [oo] 
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Notes: 1. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 The AC characteristics assume at ty =5ns 


3 Viy (Min.) and Vj, (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between Vip and Vj. 


4 Assumes thattacp <trRcp (Max.) If trop > trep (Max.), trac will increase by {trcp 
—tRcp (Max.)}. 
5 Assumes thattacp = trcp (Max.). 


6 Measured with a load circuit equivalent to 2TTL loads and 100 pF. 


7 Operation within the tacp (Max.) limit insures that tRac (Max.) can be met. tacp (Max.) 
is specified as a reference point only; if trcp is greater than the specified tacp (Max.) 
limit, then access time is controlled exclusively by tcac. 


| 8 Assumes that trop (Min) =tRaH (Min.) + 2t7 + tagc (Min,) 


9 twcs, tcwp and trwp are not restrictive operating parameters. They are included in 
the data sheet as electrical charcteristics only; if twos > twcs (Min.), the cycle is an 
early write cycle and the data in/data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp 2 tcwp (Min.) and thwp 2 tRwp (Min.) the cycle 
is read-write cycle and the data in/data out will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied the condition of the data out (at 
access time) is indeterminate. 


10 Either tRRH Or tRCH must be satisfied for a read cycle. 
11 CAS before RAS refresh counter test cycle only. 


READ CYCLE 


Vv F , 


| trcs 


0 MY 
Fee teeta! 


V7) “H”’, “L”’ = Don’t Care 
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WRITE CYCLE (EARLY WRITE) 


ae to 
Date yt LLL LLL LL 


H//, “H”, “L” = Don’t Care 


OE WRITE CYCLE 


RCD 
ee NN 


t ta 
ea RAH 


| 
nadresses yh” es 
MM | , i. 
| LLL vais Data KOU. 


<M MMMM 


“H”’, “L” = Don’t Care 


“i 
ies] 
<< << << 


oO 
> 
—_— 
> 


oO 
is) 
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READ/WRITE AND READ MODIFY WRITE CYCLE | 


CAS VIH 
IL 


tRAH tas 


tasR 


trcs 


VE vin LLL » | 7 
DATA ioton al Vata Dat UU 1, 


OE Vin — 


ee /), SMU 
a, 


Vir — 


V///A “A”, “L” = Don’t Care 


PAGE MODE READ CYCLE 


Vin 


RAS = 
_ = 
\ 


Addresses Vin 7k Row We ES IDET 2) MILI Y 


“H”’, eet? = Don’t Care 
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PAGE MODE WRITE CYCLE 


RAS Vin— 
| nis 


RCD | 
Cas Vin— \ 
V 


IL — 
tRAH 


tCAH tcaH 
tasR tasc ta 


Address oo Vs ao GO GYM, eS UMM UU 


twcH ame ape 


tcw tcw t cwL— 


MMO a LL NM 
tps 6 tis fe = =, tw 


V8 LDR Dp = W Zit oa HZ TILL 


OEH 


a WMA, "IIL. 


““H”’, “L”’ = Don’t Care 


PAGE MODE OE WRITE CYCLE 


RAS Vin 
Vit-— 
Ipc 
t 
RCD CAS 
: tcsH 


CAS 0TH 
t tcp 
CASR tasc | - tasc — 
Vv 7 Row olumn 
Address 1M address XU states KLM MLLLLLL LLL Xe 888 BULL LLL LLL 
RCS RC trw 
twcH 
Vin 


LAA, Valia Data K/L, 


‘OED ‘'OEH 


eee 
DATA 18 8 QOL LLL LLL X28 Oa KL LLL LLL 
4 ba 
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PAGE MODE READ/WRITE CYCLE 


pac VIH——= 
Vi 


Vin-—= 
Vaq7 


: 
“ oil 
Address 1H YY) | : Sddress seaman 


y 


twcH 
tcwo 


TMT ‘W? “VWITTILL. 


tpH 


‘ RA bead 
pata Vie Vou O77 TIIIILN aia BM vas Bas XL at aX Vass Bas XL 


IL“ VOL 
tokEz 


~> VIH = 
OE 
ViLt— 


‘H”, “L” = Don’t Care 


RAS ONLY REFRESH CYCLE 


Note: CAS = VIH, WE and OE not dependent on the high or low level. 


sion 3 X= WO 


V///) “HK”, “L” = Don’t Care 
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CAS BEFORE RAS REFRESH CYCLE 


Note: WE and OE not dependent on the high or low level. 


Don’t Care 


HIDDEN REFRESH CYCLE 


Vin — 
Vit— 


Vie 


ASR| | t 


sate VE Daas SE XIII 


tRRH | 


tcaH | 


trcg | 


I LLL 


torr 
VOH 
— OPEN Valid Data 
VoL — 


WU se | La “yp” = Don’t Care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


Nios 


Soa Vin == 


tasc 


a 


Aamir ALLL LLL LL LLL LLL, Conn 8 LLIN LLL LLL 


_ Vin 
WE (Read) 


I 
OE (Read) 
VIL 


VTH. 
WE (Write) 
VIL 


LIUIMLLLLILILLLLLLLL Lp 


DATA VIH 
VIL 


VIH 


OE Write) PAIL LLLLLLLLLLL LLL 


VIL 


FUNCTIONAL DESCRIPTION 


Address Inputs: 

16 bits of binary address input are required 
to decode any one of the 65,536 words by 4 bit 
storage cell locations. 

8 row-address bits are set up on address 
input pins Ao through Az’ and latched onto the 
chip by the row address strobe (RAS). Then 8 
column-address bits are set up on pins Ao 
through Az and latched onto the chip by the 
column address strobe (CAS). 

All addresses must be stable on or before the 
falling edges of RAS. CAS is internally inhibited 
(gated) by the RAS to permit triggering of CAS as 
soon as the Row Address Hold Time (tRaH) spe- 
Cification has been satisfied and -the address 
inputs have been changed from row-addresses 
to column-addresses. 

Therefore specifications permit column ad- 
dresses to be input immediately after the row ad- 
dress hold time (tray). 
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MC TTL. 


tpg tpH 


ZIT LLL LLL LLL LLL oe KILL 


toEH 


MLILLILLLLLLL ALLL LLL. 
“HH? “Ls 


tozp —~ 


Don’t Care 


Write Enable: 

The read mode or write mode is selected with 
the WE input. The logic high of the WE input 
selects the read mode and a logic low selects 
the write mode. The data input is disabled when 
the read mode is selected. Data-out will remain 
in the high-impedance state allowing a write 
cycle with WE grounded. 


Data Input: 

Data is written during a write or read-modify 
write cycle. Depending on the mode of operation, 
the falling edge of CAS or WE strobes data into 
the on-chip data latches. In an early-write cycle, 


WE is brought low prior to CAS and the data is 


strobed in by CAS with setup and hold times 
referenced to this signal. In a delayed write or 
read-modify-write cycle, CAS will already be low, 
thus the data will be strobed in by WE with setup | 
and hold times referenced to this signal. In 
delayed or read-modify-write, OE must be high 
to bring the output buffers to high impedance 
prior to impressing data on the I/O lines. 


Data Output: 

The three-state output buffer provides direct 
TTL compatibility with a fan-out of two standard 
TTL loads. Data-out is the same polarity as data- 
in. The output is in the high-impedance (floating) 
state until CAS is brought low. In a read cycle the 
output goes active after the access time interval 
tcac that begins with the negative transition of 
CAS as long as tRac and toga are satisfied. 
The output becomes valid after the access time 
has elapsed and remains valid while CAS or OE 
are low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the 
output is always in the high impedance state. In 
a delayed-write or read-modify-write cycle, the 
output must be put in the high impedance state 
prior to applying data to the DQ input. This is ac- 
complished by bringing OE high prior to applying 
data, thus satisfy toEp. 


Output Enable: 

The OE controls the impedance of the output 
buffers. When OE is high, the buffers will remain 
in the high impedance state. Bringing OE low 
during a normal cycle will activate the output buf- 
fers putting them in the low impedance state. It is 
necessary for both RAS and CAS to be brought 
low for the output buffers to go into the low impe- 
dance state. Once in the low impedance state, 
they will remain in the low impedance state until 
OE or CAS is brought high. 


Page Mode: 
_ Page-mode operation permits strobing the 
row-address while maintaining RAS at a logic 


low (0) throughout all successive memory opera- 


tions in which the row-address doesn’t change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 


RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A”) at least 
every four milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of 256 (Ao to A?) 
row-addresses with RAS will cause all bits in 
each row to be refreshed. Further RAS-only re- 
fresh results in a substantial reduction in power 
dissipation. 


CAS Before RAS Refresh: 
CAS before RAS refreshing offers an alter- 
nate refresh method. If CAS is held on low for the 
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specified period (tecg) before RAS goes to low, 
on chip refresh control clock generators and the 
refresh address counter are enabled, and an in- 
ternal refresh operation takes place. After the re- 
fresh operation is performed, the refresh address 
counter is automatically ir incremented in prepara- 
tion for the next CAS before RAS refresh 
operation. 


Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaining latest valid data at the output by ex- 
tending CAS active time. Hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from the counter are used to refresh 
addresses, because CAS is always low when 
RAS goes to low in this mode. 


CAS Before RAS Refresh Counter Test Cycle: 

__A special timing sequence using CAS before 

RAS counter test cycle provides a convenient 

method of verifying the functionality of CAS 

before RAS refresh activated circuitry. As shown 

in CAS before RAS Counter Test Cycle, if CAS 

goes to high and goes to low again while RAS is 

held low, the read and write operation are 

enabled. This is shown in the CAS before RAS 

counter test cycle. A memory cell address, con- 

sisting of a row address (8 bits) and a column ad- 

dress (8 bits), to be acceded can be defined as 

follows: 

* AROW ADDRESS 

— Bits Aothrough A7- are defined by the refresh 

counter. 

* A COLUMN ADDRESS 

— All the bits Ao through A7 are defined by 

latching levels on Ao through A7, at the 
second falling edge of CAS. 


Suggested CAS before RAS Counter Test 
Procedure: _ ae 
The timing, as shown in CAS before RAS 

Counter Test Cycle, is used for all the operations 

described as follows: 

(1) Initialize the internal refresh counter. For 
this operaton, 8 cycles are required. 

(2) Write a test pattern of lows into memory 
cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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O Pin 18 


Ww) 
N 


ROW DECODER 


See ee eS aan an ae oe 


aaa, 
Nn Se seaic ie ec aeec: Ee ae 


ete On or 
N N N N o 
r - r ~ - 
- O]/r O]- O]- O!]+ CO] + O ee ee ae ae ad sal Gaede Rae) ean val aaa - NK Ne elf er rier CO; O 
N N N N se] o 
r = r = = a 
N DOIN DIN OD NO] N O ie ere oe ce NNIN KIN & 
N N N 7) o 
- - re = a 
Cc) © oO Oo co ow om w/o Ww ae oe Ori OM - 1M O 
ORO AO AO APB] B O w re a 
= ™ bond - — ™ N N N N 


+t+oO/+ Olt +i¢ + t+ Ww 
0 H/o W/W WwW w mW Ww 
NALIN NIN NIN A NN 
2129/29 O01 M1M +1MO +/M HIM w 

i A N/H O Db O/H HW1H OlH H/H Hw wH 

B A}/8 A/8 V)8 WB | oo NAN AIAN AIAN NIN AIAN 
an oO N oOlAN w 

i A i a Ww Ww 0 H/o oO 
NN NALA A 


MSM41 464 Bit Map (Physical-Decimal) 
DQ1i1 DQ2 DQ4 DQ3 


ROW DECODER 


REFRESH ADDRESS” 


‘REFRESH ADDRESS 


(0 — 255) 


(0 — 255) 


a 
x 
5 2 
zg 
= 90 
um 
oO ” 
~— wW 
now 
oa 
r o 
Oz 
Os 
5 
=o 
0 0 
cr Oo 
Hott 
< mo 
ea | 
a | 
LJ 
O 


A 
B 
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OKI semiconductor 
MSM51C256 


262, 144 WORD X 1-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSM51C256 is a new generation dynamic RAM organized as 262,144 words by 1 bit. The 
technology used to fabricate the MSM51C256 is OKI’s CMOS silicon gate process technology. The 
device operates at asingle + 5V power supply. Its !/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, double polysilicon CMOS, @® Standard 16 lead plastic DIP/18 lead PLCC 
1-transistor memory cell 


@ 262,144 words by 1 bit 


@ Family organization 


Power Dissipation 
Access Time Cycle Time 


(MAX) (MIN) TSO 
ce a 


Family Standby 


(MAX) 


MSM51C256-80 
20 mW 
MSM51C256-10 


@ Single +5Vsupply, + 10% tolerance @ Fast page mode, read/write capability 
@® input: TTLcompatible, address input, @ CAS before RAS refersh, Hidden refresh, 
data input latch RAS only refresh capability 
@ Output: TTL compatible, tristate,nonlatch @ “Gated” CAS 
@ Refresh: 256 cycles/4 ms @ Built-in Vgg generator circuit 
@ Common I/O capability using “Early Write” 
operation 
MSM51C256RS MSM51C256JS 
16 Lead Plastic DIP PIN CONFIGURATION 18 Lead PLCC Package PIN CONFIGURATION 
Top View Top View 


Ag 
Din 
WE Dout 

——= Ags 

RAS 
NC 

Ao 
A> mS 
Ag 

A 

Vec 
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DYNAMIC RAM-MSM51C256RS/JS 


4 Ao~ 


Ag 


RAS Timing 
Generator 
CAS 


FUNCTIONAL BLOCK DIAGRAM 


Timing 
CEE |p Generator 


Write 
Clock 
Generator 


i nS * 
olumn 


Buffers 
jp 
Sense /O 
Amps || Selection 


Internal 
Address 
Counter 


Refresh 
control 
clock 


Row 
Address a Word Memory Data 
Buffers riv- Input 
Driv Cells 
ie ers Register 


ac  ‘iecan 
Yoo On chip Vee 


ELECTRICAL CHARACTERISTICS 


e Absolute Maximum Ratings 


Voltage on any pin relative to Vss 
Short circuit output current 
Power dissipation 

Operating temperature 


Storage temperature 


mA 
Trp [ere [dw 
ee 
Tite [=| aston es [x 


© Recommended Operating Conditions 
(Ta=Oto + 70°C) 


Parameter symbol pion | ts Be Unit 
Supply Voltage at. ee v 


V 
: V 


Input low voltage Vin 
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® DC Characteristics 
(Vcc =5V + 10%, Ta=Oto + 70°C) 


MSM51C256 MSM51C256 
Parameter | Symbol Conditions -80 -10 Unit Note 
| Min | Max | Min | Max | 
Output high = 
Output low 
input caer EVISVec 
leakage all other pins not 10 10 pA 
current under test = OV 
Output Dour disable 
leakage lLo Ves = VOEVec -10|{ 10 10 pA 
current 


Average RAS, CAS cycling, 
50 mA 


power su pply lec 
current 


(Operating) 


Power supply 
current” l 
(Standby) = 
Average RAS = cycling, 

power supply Icc3 CAS = Vin 

current*® (RAS trac = min 

only refresh) 

Average RAS = cycling, 

powersupply | Icce | CAS before 

current* (CAS RAS 

before RAS 

refresh) 

Average | RAS = Vi,, 

power supply | CAS = cyclin 

current® (Fast ae flees oe Ing mA 
page mode) ny 


*Note: Icc is dependent on output loading and cycle. Specified values are obtained with the 
Output open. 


® Capacitance 
(Ta = 25°C, f= 1 MHz) 


Parameter unit 
Input capacitance (AO to A8, Din) cc Oe en oe i oe F 
Output capacitance (Dour) Gourd... ee el 
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@ AC Characteristics 


(Vcc =5V + 10%, Ta=Oto + 70°C) Note 1, 2,3 


MSM51C256 MSM51C256 
Parameter. Symbol ace -10 Unit Note 


Refresh period ys ee 
Random read or write cycle time | tec | 160] - | 190 | - 
Read/write cycle time | tewe | 185] - | 220] - | ons 
Fast page mode cycle time tpc pss | - | 55] - | ons 


Fast page mode read/write tpRwe 
cycle time 


necosinetonts | wx | po |- [wl = 
nccstinetronS | tee |- [| - [| 


Access time from column tana 50 
address 


Output low impedance time Perera 
from CAS 

Output buffer turn-off delay | tor | o | 20] 0 | 30] ons | 
RAS precharge time trp }70 | - | so | - | ons | 
TAS pute with eas | 20 | 10e | 100 [toe | 
CAS precharge time tcp ha Ge be 
(Fast page mode cycle only) 


eho Mew [oo | - [wf - | = 
wTadwine | we |e lols la « 


time 


CAS to RAS precharge time | tere | 10 | - | to] ~ | ons | 
Row address set-up time tae Oech SO ee |e 
Row address hold time eee cee oe oe 
Column address set-up time | tase | o | - | o | = | ons 
Column address hold time iene Wale (oes ie, ee | 
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@ AC Characteristics (Cont.) 


MSM51C256 {| MSM51C256 
Parameter Symbol rel -10 Unit Note 


Column address hold time from tar 75 
RAS 
Column address to RAS lead traL 50 
time 


Readcommandsetuptime | tes | 0 | - | o | = | ns 
Readcommandholdtime | teow | 0 | - | 0 | - | ms | 8 


RAS 


Weitecommandsetuptime | tues | o | - | o | - | ons | 7 
Weitecommandhoidtime | twos | 15 | - | 20 | - | ons 
Weitecommand pulsewidth | twe | 15 | - | 20 | - [ns 


Write command to RAS lead trwei 20 25 
time 
Write command to CAS lead tcwL 20 25 
time 


Data-in set-up time ts [o[-fo}- | = 
Data-in hold time tox pas | - | 2] - | ons 
Data-in hold time from RAS - stot. | 60 lee eo te ine. | 
CAS to WE delay [two | 20] - | 2 | - | os | 7 
RAS to WE delay [two | 80 | - | too] - | ons | 7 


Column address to WE delay tawop 7 
time 

Read command hold time trRH 8 
reference to RAS 

RAS to CAS set-up time (CAS tcsp 

before RAS) 

RAS to CAS hold time (CAS tcHR 30 30 

before RAS) 

CAS active delay from RAS trec 10 10 

precharge | 


CAS precharge time (Refresh tcpt 
. counter test) 
Toatwowine fem | [-[e|-[ = 
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Notes: 1. Aninitial pause of 100 pis is required after power-up followed by any 8 "RAS cycles 
(Example: RAS RAS only) before proper device operation is achieved. 


2. The AC characteristics assume at tr =5 ns. 


3. Vin (min.) and Vj, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vjy and Vj. 


4. Measured with a load circuit equivalent to 2TTL + 100 pF. 


Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified trcp 
(max.) limit, then access time is controlled exclusively by tcac. 


6. Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tan. 


7. twcs, tcwp. trwp and tawp are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if twcs = twcs(min.), the 
cycle is an early write cycle and the data out pin will remain open circuit (high 

impedance) throughout the entire cycle; if tewp (min.), trwp = trwp (min.) and 
tawp = trwp (min.) the cycle is read/write cycle and the data out will contain data 
read from the selected cell; if neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeterminate. 


8. Either tery or tracy must be satisfied for a read cycle. 


READ CYCLE 


ee —— a 
ViL~ 
tRAD Pai 
: tASR ° pay seh ee tCAH 


ase), Mc Soh = Semi 
n| [ [ 


me MMM LLL tac WZ 


| VoH- 7 
OL~ 


Don't care 
/) 
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WRITE CYCLE (EARLY WRITE) 


Don't care 
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READ/WRITE CYCLE 


'RSH 


tRWL 


'CAS 


'CSH 


ve I SI 200 LLL LLL LLL 


taAwD 


—~ 


ee LLL LLL SLL LLL LLL. 
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FAST PAGE MODE READ/WRITE CYCLE 


sxe VIH- 
RAS 
Vit ~ 


P| 
Gas VIH- r\ 
Vit ~ — 
Vind ~ 


moan ZBeOKN 8 ZN ( AML 


ere 
WE ue VlfAs fae [tawd | 


com OCS} CE 
Data ata 
You ~ me cae? 
terz[_ | “tog || PCLZ 'CLz 
DH ‘DH t DH 
‘Ds DS 


Owe LLL MLL MCL MCLE. 


Valid Valid Valid Data 
Data Data Don't care 


RAS ONLY REFRESH CYCLE 


a LI LL 


Don't care 


NOTE: WE = Don't care, A8 = Don't care 
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CAS BEFORE RAS REFRESH CYCLE 


Y Don't care 


NOTE: WE =Don'tcare, AO~A8 =Don't care 
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FAST PAGE MODE READ CYCLE 


rao em /LLL, 


tRRH 


'RCH 


IIL 


Don't care 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tRAD 
twcorR 


wens 7X KOK = KOK KOK = KZ. 
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twos twcH ‘'wcs twcH  twcs tWCH 
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HIDDEN REFRESH READ CYCLE 


wom TOK wm HON com WIL 
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HIDDEN REFRESH WRITE CYCLE 
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FUNCTIONAL DESCRIPTION 


Simple timing Requirements: 


The MSM51C256 is a CMOS dynamic RAM optimized for high speed access time operations, low 
power applications. It is functionally similar to a traditional dynamic RAM. The MSM51C256 
reads and writes data by multiplexing 18-bit address into 9-bit row and 9-bit column address. 
Because access time is primarily dependent on a valid column address rather than the precise 
time that CAS edge occurs, the delay time from RAS to CAS (trcp) has little effect on the access 
time. And the MSM51C256 can commit better memory system through-put during operations in 
an interleared system. 


Fast-Read-While-Write Cycle: 


The MSM51C256 has the fast read while write cycle which is achieved by excellent control of the 
three-state output buffer in adition to the simplified timings described in the previous section. 
The output buffer is controlled by the state of WE when CAS goes low. When WE is low during 
CAS transition to low, the MSM51C256 goes to early write mode where the output becomes 
floating and common I/O bus can be used on the system level. Whereas, when WE goes low 
after tcwp following CAS transition to low, the MSM51C256 goes to delayed write mode where 
the output contains the data from the cell selected and the data from Diy is written into the cell 
selected. Therefore, very fast read write cycle becomes available. 


Address Inputs: 


A total of eighteen binary input address bits are required to decode any 1 of 262,144 storage cell 
location within the MSM51C256. Nine row-address bits are established on the input pins (Ap 
through Ag) and latched with the Row Address Strobe (RAS). Then nine column adress bits are 
established on the input pins and latched with the Column Address Strobe (CAS). All input 
addresses must be stable on or before the falling edge of RAS, CAS is internally inhibited (or 
“gated”) by RAS to permit triggering of CAS as soon as the Row Adares Hold Time (tran) 
specification has been satisfied and the address inputs have been changed form row-addresses 
to column-addreses. 


Write Enable: 


The read or write mode is selected with the WE input. A logic “high” on WE dictates read mode, 
logic “low” dictates write mode. Data input is disabled when read mode is selected. 


Data Input: | 


Data is written into the MSM51C256 during a write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in (Diy) register. In a write cycle, if WE is brought “low” 
(write mode) before CAS, Din is strobed by CAS, and the set-up and hold times are referenced to 
CAS. In aread-write cycle, WE will be delayed until CAS has made its negative transition. Thus 
Din is storbed by WE, and set-up and hold times are referenced to WE. 
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Data Output: 


The output buffer is three-state TTL compatible with a fan-out of two standard TTL loads. Data 
out is the same polarity as data in. The output is in a high impedance state until CAS is brought 
“low”. In aread cycle, or a read-write cycle, the output is valid after trac from transition of RAS 
when trcp (max) is satisfied, or after tcac from transition of CAS when the transition occurs 
after trcp (max.). Data remain valid until CAS is returned to “high”. In awrite cycle, the 
identical sequence occurs, but data is not valid. 


Page Mode: 


Page-mode operation permits strobing the row-address while maintaining RAS ata logic low 
(0) throughout all successive memory operations in which the row-address doesn’t change. 
Thus the power dissipated by the negative going edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally required to strobe a new row-address is 
eliminated. 


RAS Only Refresh: 


Refresh of the dynamic memory cells is accomplished by performing a memory cycle at each of 
the 256 row-addresses (Ag to Az) at least every 4 milliseconds. RAS only refresh avoids any 
output during refresh because the output buffer is in the high impedance state unless CAS is 
brought low. Strobing each of the 256 row-addresses (Ag to Az) with RAS will cause all bits in 
each row to be refreshed. Further RAS only refresh results in a substantial reduction in power 
dissipation. 


CAS Before RAS Refresh: 


CAS before RAS refreshing available on the MSM51C256 offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsp) before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are enabled, and an internal refresh 
operation takes place. After the refresh operation is performed, the refresh address counter is 
automatically incremented in preparation for the next CAS before RAS refresh operation. 


Hidden Refresh: 


Hidden refresh cycle may take place while maintaining latest valid data at the output by 
extending CAS active time from the previous memory read cycle. In MSM51C256 hidden refresh 
means CAS before RAS refresh and the internal refresha ddresses from the counter are used to 
refresh addresses, because CAS is always low when RAS goes to low in this mode. 
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OKI semiconductor 
MSM511000A 


1,048,576-WORD x 1-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSMS511000A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The tech- 
nology used to fabricate the MSM511000A is OKI’s CMOS silicon gate process technology. The device 
operates at a single +5V power supply. Its |/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, tripple polysilicon CMOS, @ 1,048,576 words by 1 bit 
1-transistor memory cell 
@ Family organization 


Access Time Cycle Time Power Dissipation 
Family : 
(MAX) (MIN) Operating (MAX) | Standby (MAX) 
MSMB511000A-70 1401s 


“MSM511000A-BA/60 | _80ns|—‘160ns_—=«|~=SC« GW |S Sm 
MSMS11O00A-1A/10 | 100ne | 180s =| 3S0mW 


@ Single +5V supply, + 10° tolerance @® Fast page mode, read/write capability 
® Input: TTL compatible, address input, data @ CAS before RAS refresh, Hidden refresh, 
input latch RAS only refresh capability 
® Output: TTL compatible. tristate, nonlatch e “Gated” CAS 
@ Refresh: 512 cycles/8 ms @ Built-in Vag generator circuit 
@ Common l!/O capability using “Early Write” 
operation 


PIN CONFIGURATION (TOP VIEW) 


Ss AQ | 1] —z 
we [2] 25} 20UT doys [2] CAS 
RAS BACAS 5 4] Vss 
z= nc.(4} S BANC aK z |5} WE 
s nc(s] & Byjao | cal & [8] NC. 
= = ve: 2 | NOLEAO 
A0* 2 Ale — 
8 Ao* 8 18} A8 A2° 8 te F CAS Column Adaress Strobe 
5 a ao 7 A7 Vec(15} ie pa AS 8) Data Input 
7 A2° 16} A6 os ite) Aas IN 
1a} A6* Oout Data Output 
a =e oi A8° WE Write Enable 
V ® 
18 PIN DIP ccl3 Na aa 
26 PIN SOJ 20 PIN ZIP Power Supply (+5V) 
Ground (OV) 
* Refresh Address N.C. | No Connection 


ee ooo 
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FUNCTIONAL BLOCK DIAGRAM 


net | 

Generator 
CAS eee Timing 
od) 


Column 
Address 
Buffers 


Internal 
Address 
Counter 


Row 
Address 
Buffers 


Vcc =e 
Vss 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to VSs V 
Short circuit output current | los | Ta=2sc | 50 mA 
” Power dissipation | Pp | Ta=2c | 1 | W 
Operating temperature | Torr | = | Oto+70 °C 
Storage temperature | tsa | = | = 85 to+150. | °C 


RECOMMENDED OPERATING CONDITIONS 
(Ta = Oto +70°) 


Supply Voltage 


Input high voltage el ee a ee 


Input low voltage VIL 


< 


<|<j< 
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DC CHARACTERISTICS 
(Voc = 5V +10%, Ta =O to +70°C) 


pers MSM511000 | MSM511000 prc MSM511000 
Parameter Symbol Conditions mole f10 A-10 | unit | Noto 
il or 
Sa ow rsa selec ed 
Sey eae Oo Sooo 


Input leakage weakens 

ene 9 all oter pins not —10 uA 
under test =OV 

Output leakage DoutTdisable A 

current OVSVOS5.5V if 

Average power RAS, CAS cycling, 

supply current* 75 mA 

(Operating) 

FAS S ORGCGOEOnGR 


RAS cycling, 
CAS=Vip 
tRo=min 


Power supply 
current* (Standby) 


Average power 

supply current* Icc3 
(RASonly represh) 

Average power 

supply current* (CAS | Icc6 
before RAS refresh) 
Average power 

supply Current* Icc7 
(Fast page mode) 


*Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
Output open. 


RAS cycling, 
CAS before RAS 


RAS=ViIL, 
CAS cycling 
tpc=min 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (AO to AQ, Dyjy) Cin p= ff 


Input capacitance bt Ee | 
ea 


(RAS, GAS. WE) CIN2 


Output capacitance (DoyrT) COuT a 


= MSM511000A 


AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) Note 1, 2,3 


_— betta bo os 
= fee [Te [-[* [-[* [-[e [-[* [mw 
Random read or write cycle time tac [160] - [190] - |140} — [160] - |190] — | ns | , 
car SM Bll Gl) Gd eC 
eres et eae ee 


Fast page mode read/write cycle 
time tPRWC 70 75 


pen tneton Sine || | ~| || || | [wo || 
pee tne on RS —_[eae| [= |-| =|] = [| = || [w [a 
meme teeimaio_ fo [= [oo [= [oe [foe [= [we [oe [oe 
pce tne ton CRS mnowee [era || || || ©|-|# || |m 


Output low impedance time from t 
CAS CLZ 


Output buffer turn-off delay tore | 0 


vent SODB OCS Cora 
eet SOE es 
BAS pulse width eas | 60 | rr0 | 00 no oS como | ns 


RAS pulse width 00000 00000 


AS hoi tine tat 


CAS precharge time . ce Cecececns 
(Fast page mode cycle only) 

TAS pulse wit ee de) Ed Cal ocd heed ec asd hl sed ad 
TAS hod tin no) = et — Fe = 0 = leh = 
crate hna MC Lal Bol Endl od Neal Ed Ral od as Bad 
RAS to column address delay time [trap | 20| 40 | 20| 50 | 17 | a5 | 17 | 40 | 20| 50 | ns 
CAS to RAS precharge time tore [10] - | 10} - fio] - jw] - [10] - Jos 
Row address set-time cr Rl Ms SEE eS CI 
Row address hold time tran | 15] - [15 | - [12] - [12] - | 15) ns | 
Column address set-up time von ge UAT CL ne 
Column address hoid time tcan| 15] - |20| - [18] - [15] - [20] - | ns| 
Column address hold time from RAS tan [60] - [75] - |55| - |e] - | 75] - [ns 
Column address to RAS lead time tra | 40} - [60]; - [36] - [40] - | 50] — | ns | 
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MSM511000A 


AC CHARACTERISTICS (CONT.) 


Read command set-up time tacs | 0 | 


MSM511000 | MSM511000 | MSM511000 | MSM511000 | MSM511000 
Parameter Symbol AGA A-1A jo’ A-80 A-10 | Unit | Note 
ba 


Read command hold time ee )o|-|o/]-] 0] - {ns | 8 
Write connand hold time from RAS wor | 60] - | 75 | - | 55] - | 60] - [75] - | ns 
Write command set-up time wes} 0} -]}o}-];o}-]o]}-]o] - [ns 
Write command hold time won} 8 | - | 20) - | 151 - [15 | - | 20] - | ns) 
Write command pulse width we | 15 | - | 20] - |] 15] - | 16 | - | 20] - | ns 
Write command to RAS lead time tw | 20) - | 25 | - | 20] - | 20] - | 25 | - | ns | 
Write command to CAS lead time tom | 20 | - | 25] - | 20] - | 20] - | 25 | - | ns 
Data-in set-up time tos |o}-|o]-];o}-|o]-]o} -/ns| 
Data-in hold time ‘ton | 18 | — | 20] - | 15 | - | 15) - | 20] = | ns | 
Data-ds hold time from RAS tone | 60 | - | 75 | - | 55] - | 60] - | 75 | - | ns 
CS WE few [= [|= |= [- |= |= [|= [= 
SS WE SOE OSHe elect 
Column address to WE delay time ‘tawo | 40 | ‘tawo | 40 | } 50] - | 35] - | 40] - | 


Read command hold time t 
reference to RAS RRH 
RAS to CAS set-up time t 
(CAS before RAS) CSR 
RAS to CAS hold time 

CAS precharge time t 
(Refresh counter test) CPT 


mown ew || le] [| -jw]-|#)-[m 


preharge 


Notes: 1 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC characteristics assume at ty =5ns. 


VitH (min.) and Vi_ (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj. 


Measured with a load circuit equivalent to 2TTL + 100 pF. 


Operation within the tacp (max.) limit insures that trac (max.) can be met. tacp (max.) 
is specified as a reference point only; if tacp is greater than the specified trop (max.) 
limit, then access time is controlled exclusively by tcac. 
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6 Operation within the taap (max.) limit insures that trac (max.) can be met. trap (max) 
is specified as a reference point only; if tpap is greater than the specified taap (max.) 
limit, then access time is controlled exclusively by tag. 


7 twcs. tcwo. tRwD and tawp are not restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only; if twos 2 twcs (min.), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp = tcwp (min.), tawp 2 tRwp (min.) and tawp 2 
taWp (min.), the cycle is read/write cycle and the data out will contain data read from 
the selected cell: if neither of the above sets of conditions is satisfied the condition of the 

| data out (at access time) is indeterminate. 


8 Either tRRH or tRCH must be satisfied for a read cycle. 


READ CYCLE 


Aas VIH™ 
Vit = 


tRCD — IRSH 


tcRP 
__ a os ICAS, 
crs it T\ J {| / 
Vit - | 
tRAD (RAL 


0 TO = MOK = XT 


taR 


'RCH 


| 'RCS tran [| 


= LL) yy 


tcLz | 10FF 


Don't care 
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MSM511000A a 


WRITE CYCLE (EARLY WRITE) 


rome Rte Ree LLILLLLLLLLLLLLLL, 


'WCR 


S11 im 


Wy Don't care 
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READ/WRITE CYCLE 


| fis] 
/), Gain 1), XL 


| tawo 
i= a 
eA LLL cs | MMM 


DoutT 


ee MSM511000A © 


FAST PAGE MODE READ CYCLE: 


tRASP trp 


tASR | | 'RAH ‘ASC a (CAH 


nomas VIN” //PX row S/R co WK co WK cor I /////// 
i] 


"RAD 


I 
RCS 


| 
ee MLL LLY z 
- 


ac | 
“Ons a, ti 
VOL = y Data 
OFF 
'CLZ 


ICLz 


Y Valid y Valid 
/ ) 
Vx Data Vy Data ) 
| | OFF 

'CLZ 


Don't care 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) | 


'RASP 'RP 


tcRP 


CRS VN he iain 
, Wi Soto ike 


we] ne C.= 
| 


'RAD 
'WCR ! 


wa] sr “— 'WCH iis Ewen 


se EME ao eka 


yw comb Valid Data Seino 


eee 


VOH 


VoL 


Don't care 
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FAST PAGE MODE READ/WRITE CYCLE 


'RASP 


'RSH 


“b x 


= tcL.z| | 'CLZ | 'CLZ L 'RWL 
eae ips..1 OH DS of} 4 OH 
Vig 
ON LLLLLLLLLLLIR RLLLLLLLI LL LLL LD SLLLLLL LL. 
a ae 7 oon care 
RAS ONLY REFRESH CYCLE 
'RC 
'RP 
wm i 
'cRP 'RPC 
= 
om yt \_/ 
tasr | | 'RAH 


eT BIT LT, 


VOH a 
VoL - 


Z Don't care 


NOTE: WE =Don'tcare, AS = Don't care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 


Don't care 


NOTE: WE =Don't care, AO ~ A9 = Don't care 


158 


tt MSM511000A 


HIDDEN REFRESH READ CYCLE 


trp 'RAS 


(CHR 


Don't care 
/ 7 
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HIDDEN REFRESH WRITE CYCLE 


IRC 
tRA IR IRA 
clea Wig 
Vin - 
tcr ICHR 


3 
( 


i Ar 
ey, ce LR column 


ono 


mE LLL, TTD +L LLL LLL LLLLLLLLLLL 


= 
mi 


| oF 
om MLL XT 
| 'OHR | 
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i er ee MOIS 11 000K Ss 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


eee | | ~ 'RSH 
CAS IM ce 
09 WLLL LLL LLL LL LL <8 MM 
READ CYCLE as anf 
Dout oe $$$ PN a 
mit _d«,~ | Ten RZ 
ALM LLL 


ae 
ON nt TZ = XCILIIL 


'CLZ | 
mora . : 'OFF 


. <a 


oO 
> 
(@) 


READ/WRITE CYCLE 


V - 
ae | _— OPEN 


as Vin 7 


i 
We IR”cs | 
Vin - aaa 


tcwo || | 
mt ZZ = XLII 


: Don't care 
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OKI semiconductor 
MSM511001A 


1,048,576-WORD x 1-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSM511001A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The 
technology used to fabricate the MSM511001A is OKI’s CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its [/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, tripple polysilicon CMOS, @ 1,048,576 words by 1 bit 
1-transistor memory cell 
@ Family organization 


Famil Access Time Cycle Time Power Dissipation 
y (MAX) (MIN) Operating (MAX) | Standby (MAX) 
MEMETOOTATO [Tons | 4Ons Pam 


MSMS11001A-BA/0 | _60ne| —~160ns-_—=«| Im «|= Sm 
MSMETIO01A-1A/10 | i0one | 190ns | __a66mW 


@ Single +5V supply, +10% tolerance @ Nibble mode, read/write capability 
@ Input: TTL compatible, address input, data e CAS before RAS refresh, Hidden refresh, 
input latch RAS only refresh capability 
® Output: TTL compatible, tristate, nonlatch @ “Gated” CAS 
@ Refresh: 512 cycles/8 ms ® Built-in Vag generator circuit 
@ Common I/O capability using “Early Write” 
operation 


: AQ | 1) 
25 °0UT dour [3 
ba] CAS 


Pin Names Function 


AO to AQ Address Input 


RAS Row Address Strobe 
Column Address Strobe 


Data Input 


SPVLOOLLSWSW 
SZVLOOLLSWSW 


= 
O 
= 
bah 
S 
> 
P*) 
7) 


Data Output 


Write Enable 


Ground (OV) 


N 
* Refresh Address o Connection 
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FUNCTIONAL BLOCK DIAGRAM 


Timing 
Generator — 
Timing 


Generator 


Column 
Address 
Buffers 


Internal 
Address 
Counter 


Row 
Address 
Buffers 


VCC 
Vss 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Rating Unit 
Voltage on any pin relative to Vss V 
Short circuit output current mA 
Power dissipation W 
Operating temperature °C 


Storage temperature = —55 to +150 °C 


RECOMMENDED OPERATING CONDITIONS 
(Ta =O to +70°) 


Parameter Symbol | Conditions | MIN TYP MAX Unit 


Supply Voltage 
jes ee et 
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DC CHARACTERISTICS 
(Voc = 5V +10%, Ta =0 to +70°C) 


BS arainater Symbol Conditions Beier ci Sie 70 ee a 10 Unit | Noto 
ni i a 
seemed elf 
Output low voltage Vou. lol =4.2mA eer 0.4 ei 


ie ciieane OVSVISE.5V; 
ner age all oter pins not |—10/ 10 10 —10| 10 | uA 
under test =OV 
Output leakage DourT disable 10 —10| 10 10 —10| 10 | uA 
Current OVSVO<5.5V 
PNCIAGe OWET RAS, CAS cycling, 
supply current tac=min 75 85 fo 65 |mA 
(Operating) 
= TTL 
sceaiad maswa [|| 2 |-[2|-[2|-[2[-/2] 
— pel EER EE EBT 
DouTtT=Hz |MOS 


Average power RAS cycling, 

supply current* CAS=ViH 75 75 mA 
(RAS only represh) tRC=min 7 

Average power — . 
supply current* (CAS — reales 75 65 75 | — | 65 /mA 
before RAS refresh) 

Average power RAS=ViIL, 

supply current* CAS cycling 55 50 70 55 |mA 
(Nibble mode) tNc =Mmin 


*Note: ICc is dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol | Conditions | TYP | MAX Unit 
Input capacitance (AO to AQ, Dyj) Cin1 


Input capacitance | | 
(RAS, CAS, WE) CIN2 7 pF 


Output capacitance (DoyT) COUT 
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\ 


AC CHARACTERISTICS 
(Voc =5V +10%, Ta =0 to +70°C) Note 1, 2,3 


Parincior a aa 8A ma ae alae eye 511001 a Unit | Note 


Retesh peri paeery er eeeet ere ee 
Random read or write cycle time i dM Sl ed Bd BE 
Read/write cycle time tawo| 165} - [220] - |165) — |186] - |220 
Nibble mode cycle time da a Cd a 
Nibble mode read/write cycle time twa} 80} - [90] - |75) - | 75] — | 85) 
Access time from RAS on eee eee eee ye 
Access time from CAS tcac| - | 25 | - | 90] - | 20 | - | 20] - | 
Access time fro column address me ESE BEES oe 
Nibble mode access time tncac | — 20 | Sue 8 a : 


Output low impedance time from t 
CAS CLZ 


Output buffer turn-off delay torr | 0 | 20- 


ce SO CEOo coon 
RS neoweime ww [70] - [| — |e] - [70] - [eo] — [om 
eS us wa as [0 [oz| iw oi o fom] nfo fom we 
RS ree] | — [oo] — [on] - [| - [as] — [ow 
cS a wa tens |i 9 fos] fos] ofr] fom 
CA at] | — [wo] — [ro] - [oo] — [uo 
RAS HS wayne [eo | & [=| 7 [=| @ [m2] [a] 7 

40 | 20} 50 

re 

o 


oy) 


RAS to column address delay time trap | 20] 40 | 20} 50 | 17 | 96 | 17 | 40° 
CAS to RAS precharge time }10 | = | |= | ee 
Row address set-time ete ter = | | = 
Row address hold time tra | 15) - | 18] — | p= | Sr 
Column address set-up time tasc Ol fe i0e | | F- fo} - | o| 
Column address hold time toa | 15] - |20] - [1s] - | 15] - |20 
Column address hold time from RAS og es CECE | — | 75 
Column address to RAS lead time tra | 40} - [50] - [35] —— = 
Read command set-up time tacos] 0] - |o] - fo] -— p= 
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AC CHARACTERISTICS (CONT.) 


Paranoter Symbol 511001A-8A | 511001A-1A | 511001A-70 rei sales 10 Unit | Note 
si oo 


Read command hold time rch | 0 | -]}o]-[o[-|[o]-| 8 
Write connand hold time from RAS See eoeoe 
Write Command set-up time twos} o]-|o]-]o]-]o }-]o] - | ns] 7 
Write command hold time twon | 15 | - | 20] - | | - | 15 | - | 20] - | as | 
Write command pulse width twp }1s | - | 20] - | 15 | - | 15 | - | 20] - | ns | 
Write command to RAS lead time awe | 20] - | 25] - | 20] - | 20] - | 25] = | ns | 
Write command to CAS lead time tow. | 20} — | 26] — | 20} - | 20] - | 25] — | ns | 
Data-in set-up time tps fo}-/o]-]oj-]o}-|o] = |ns| 
Data-in hold time ton | 15 | - | 20] - | 6 | - | 6 | - | 20] - | ns | 


Sainte iw tonAS town [| — [7 [— [oe | — [eo | [7s|—[m [> 
CSE fewo [== [= [= |= [a |= [ao [= [as [= [me [7 
Rao WE peo fm |= feof= fff [fella 
Column address to WE delay time AWD ‘tawo | 40° }40| - | 60] - | 35] - | 40] - 7 

8 


Read command hold time 10 10 
reference to RAS 

RAS to CAS set-up time 

RAS to CAS hold time 

CAS active delay fron RAS 

CAS precharge time t 

(Refresh counter test) CPT 


CAS precharge time tCPN mtsttetctat fetches ote 
Nibble mode pulse width tycas| 25 | - | 30 | - | 20] - | 20] - | 25] - | ns 
Nibble mode CAS precharge time tcp | 20| - | 20] - | 20) - | 20) - | 20] = | ns 
Nibble mode RAS hold time ‘tursh| 25 | - | 25] - | 20] - | 20] - | 25] - | ns 
Nibble mode CAS to WE delay poe) PRL Sieh pe 


Nibble mode write command 7 
to RAS lead time NRWL 


Nibble mode write command 
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Notes: 


1 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC characteristics assume at tr =5 ns. 


Vix (min.) and Vj, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj,. 


Measured with a load circuit equivalent to 2TTL + 100 pF. 


Operation within the tacp (max.) limit insures that tRac (max.) can be met. tacp (max.) 
is specified as a reference point only; if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tcc. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if tRap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by taa. 


twcs: tcwp. trwp and tawp are not restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only; if twos 2 twcs (min.) the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp 2 tcwp (min.), thwp 2 tRwp (min.) and tawp = 
tawp (min.), the cycle is read/write cycle and the data out will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied the condition of the 
data out (at access time) is indeterminate. 


Either taRH or tRCH must be satisfied for a read cycle. 
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READ CYCLE 


e/a, a MII 


| | 
'RCH 
tRRH 


me LLL XS 


| tOFF 
[cen 


tAR 


tRcs 


Don't care 
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MSM511001A s 


WRITE CYCLE (EARLY WRITE) 


hon =e KML LLL LLL. 


ve ET TTT 


// / Don't care 
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= MSM511001A 


READ/WRITE CYCLE 


'ASR —o 
ie vee LB I 0 ITT LLLLLL. 


tRWD 


tcwoD tw 


we LLL secs ee CU ee 


‘Ds DH 


AS 
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MSM511001A a 


NIBBLE MODE READ CYCLE 


L Z y Be man 


tRAC 


'RRH 


en 
iheAc r (ee Data Data 


tRcs 


i mn a mis 
V7A don't care 


NIBBLE MODE WRITE CYCLE (EARLY WRITE) 


tRAS tRP 


sm 
FAS a 
Vit- 


oe iRCD tcas 
VIH~ t 
cS y RAD : 
7 
tASR 


tRAH 
ASC tCAH tncp |'NCAS 


anes MWK 8 MII 
we We ZA it VA LN (7 


Om vn LLL cate ILLIA, te RX bats WN pata MLLLLLL/ 
tos 'pH| tps ‘DH 
Vege 'DHR 


VoL 


(7A Don’t care 
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NIBBLE MODE READ/WRITE CYCLE 


tRas 


ee Vin~ 
“iL a 
- lag 
eat Vin- SST Tk 
tasR Fats 'CAH op jcas 


vn LX Bo Scot } mm 
aint | 


Vit- 


trap! tcwo tcwL tNCWL 


Awol INCWL 
RWD 


tawD ‘wP INRWL 


<== ViH- 


re LLLALLL LY ck es poate K/ZK Bats XM 02 X/// LL. 


me Valid Valid Valid 
Y,; Data Data Data Data 
Wh, Don’t care 


eet 


tcLz 


RAS ONLY REFRESH CYCLE 


tASR tRAH 


EL MOLL LLL TL 11. 


Don't care 


Note: WE = Don't care, Ao = Don’t care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 


Don't care 


Note: WE = Don't care, Ao ~ As = Don't care 
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HIDDEN REFRESH READ CYCLE 


tRc 


RP 
Lo 
'RSH | 


tras 
RAS ae 
ViL 
tcrP 
— VIH- ‘ 
ene V x 
IL~ 
tRAD tRAL 
taR 


'ASR 'RAH ~—- TASC 
ponae LR 0¢ Rc DOM MMILLLLLLLLLLLLL 


tRcs 'RRH 


=f | WLLL 


{CAC 
'AA 
t 
tRAC of 
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HIDDEN REFRESH WRITE CYCLE 


tWCR 


oi mn 


0 LLL 8% KITT 


Va 
Dout OH 


= MSM511001A 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


wee VEY ee 
RAS 

VIL - aa 
CAS 

ViL- eae 


+= TTL, — = KILL 
ur Yo elt 2 
= LLL | i 


We TI = SOT 
i ia’ 


READ/WRITE CYCLE 


Vou- 
Dout a 


GA : Don't care 


OKI semiconductor 
MSM511002A 


1,048,576-WORD < 1-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSM511002A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The 
technology used to fabricate the MSM511002A is OKI’s CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, tripple polysilicon CMOS, @ 1,048,576 words by 1 bit 
1-transistor memory cell 
@ Family organization 


er Access Time Cycle Time Power Dissipation 
J (MAX) (MIN) Operating (MAX) | Standby (MAX) 
MSM11002A-70 


MSM511002A-8A/80 |___80ns__| _—‘160ne—~(|~—ImW =| «SS Sm 
MSMS11002A-1A/10 | 100 | 190ns | _a58mW 


@ Single +5V supply, + 10° tolerance @ Static column mode, read/write capability 

@ Input: TTL compatible, address input. data ® CS before RAS refresh, Hidden refresh, 
input latch RAS only refresh capability 

@ Output: TTL compatible, tristate. nonlatch ® Built-in Vag generator circuit 


@e Refresh: 512 cycles/8 ms 
@ Common 1|/O capability using “Early Write” 
operation 


PIN CONFIGURATION (TOP VIEW) 


AQ Fleas 


25} 09UT pb 
fiat T 
Wer oOuT{ 3) 4].Vss 


DIN Pin Names Function 
t< N.C. 4 23 N.C went 5 = WE 
eG Bag «aS 4 Fa] NC AO to AG Address input 
= N.C.1 9 = NO LEAD RAS Row Address Strobe 
§ 18] Ag° “ 5 naj Al cs Chip select input 
A2° . 
ai’ {To ayn N A3 DIN Data Input 
7d V6) AB" cc 16] Ad’ 
AS° 2 Dout Data Output 
AB* . 1 8} A6 — 
A7 20 AB’ WE Write Enable 
18 PIN DIP Vec Us 1a) AS 
Voc Power Supply (-5V) 
26 PIN SOJ 20 PIN ZIP 
Vss Ground (OV) 
NC 1 No Connection 


* Refresh Address 
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FUNCTIONAL BLOCK DIAGRAM 


RAS Timing 
Generator a 
CS” Timing 


Generator 


Write 
Adana Column Clock 


Buffers Decoders Generator 


internal Retresh 


Row 
Address 
Buffers . Memory 
Cells 
Buffer 


Onchip Veg 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss Ta = 25°C —1.0 to +7.0 
Short circuit output current 2 Ta = 25°C 


Power dissipation 


Operating temperature 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS 
(Ta =O to +70°) 


Address 1/0 Output 
Counter Control Clock Sense Amps ies Selector om DouT 


Unit 


Parameter Symbol MIN TY¥P MAX Unit 


Supply Voltage 
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MSM511002A = 


DC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) 


Paranioter Symbol Conditions Rier Be ne 70 ee eee Unit | Noto 
wee SS Soe 
ee Ce 


OV SVIS6.5V; 

all oter pins not |—10 —10 —10) 10 10 |—10} 10 | nA 
under test =OV 

current OVsVO<5.5V. 

Average. power RAS, CAS cycling, 
supply current* loc 
(Operating) 


Input leakage 
Current 


tRCo=min 


TTL 
Power supply mA 
wen [| fe =[o DED [=D | 


Average power RAS cycling, 
supply current* Icc3 
(RAS only represh) 


CAS=Vip 
tRC=min 

Average power 

supply current* (CAS 

before RAS refresh) 


Average power 
supply current* Icc9 
(Static column mode) 


“Note: Icc is dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 


RAS cycling, 
CAS before RAS 


RAS=VIL, 
CS cycling 
tsc=min 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol 
Input capacitance (AO to AQ, Din) 


Input capacitance 
(RAS, CS, WE) CiN2 oF 
hcg tT 


Output capacitance (DgyT) COUT 
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AC CHARACTERISTICS 
(Voc =5V +10%, Ta =0 to +70°C) Note 1,2,3 


perenne. 511002A-8A eae 511002A-70 | 511002A-80 | 511002A-10 | 4 | Note 
pater eee os 

Rah pot ieee 

Random read or write cycle time test het tere 

Read/write cycle time ol — fl — oe = ol = Le 

Static column mode cycle time | — | 55 )55| - |45| - | 50] -_ 


| Ss es mode read/write eae anes 7 fesececl 

, Access time from RAS tRAC trac | — | 80 | — | 100 )— | 70 | = | 80 | = | 100 | ns | 45,6 
pcoess te tom @S__—_—[teac | —| 28 |- | © || || 0 | -| 28 [no [as 
Access time from column address | taa }- | 40 | — | 50 | - | 35 | - | 40 | - | 50-| ns | 46,7 
Access time from last write tALW pa eee 4,7 


Output low impedance time from CS toLz | 0 


Data out put hold time reference 

to column address 'AOH 

Data output enable time reference | | 30 30 30 30 30 
to WE 


Output buffer turn-off delay torr | 0 | 0 | 20 | 0 | 20 | 0 | 20 | 20 | 
enston i = [s[@ [sa [s/s [s/s] 3 [|e 
RAS prechae tine fee [70| — [eo] — [oo - [ro] — [eo[ — [re 


RAS pulse width tras | 80. | 80 |10000 100 | 10000 70 | 10000] 80 | 10000] 100 | 10000} ns | 


RAS pulse width 
(static column mode cycle only) _| ASC = osm om mln 


AAS ol tin reo 2] — [>| — [m= [- [m] ls 
GS proche tn [| [6|— [ol [a a 


ah ee cycle only) ne i me remem 

OS hol tn Ce ee cles 

mctimam ——olelsl=lwtelaletwtel etal 

RAS to column address delay time trap | 20} 40 | 20] 50 | 17 | 35 | 17 | 40 | 20/ 50 | ns 6 

CAS tw AAS pectawe tne [tore || - [| — || -|w| || — [ro] 
Row address set-time task | 9] - |o] - | 0. 

Row address hold time tran | 15) — [15] — | 12 | 
“Column address set-up time tasc fo| -{fo]/-]|oj]-|o] -|o| — [ns 
Column address hold time 'toaH | 15 | — [20] — [15] — [15] - | 20] — | ns| 
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AC CHARACTERISTICS (CONT.) 


Paranotei Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note 
nT eo 
Column address to RAS lead time teat | 40 | ao 50 


Column adress hold time reference 

to RAS (WRITE CYCLE) 

Column address hold time 

Column address hold time 

Column address hold time ' 75 
reference to WE AHLW 


Last write to column.address delay tuwap | 20° tuwap | 20° 35 | | 25 | 20 36 | 26 | 7 
Read command se-up time tRCS sea ee ea ce 
Read command hold time fon] -|o]-|o]-[o]-[o]- fo 9 
reference to CS 
Write connand hold time from RAS | twor: tWCR twor | 60 | - | 75 | — | 55] - | 60) - | 75] - | ns 
Write command set-up time twos] 0} -]o]-|o]-{|o]-|]o] = jas) 8 
Write command pulse width twe | 15 | - | 20] - | 15 | - | 15 | - | 20] - | ns 
Write invalid time tw | wf - | 1} -} 1] - |] - | 0] - | ns 
Write command hole time Kell a el 8 
(Dout disable) 
- Data-in hold time fromRAS tDHR | 60 | 78) [76 | — | s5| - |e | ~ | 

Data output hold time reference wou BEOUOeUEGES 
to WE 
Write command to RAS lead time tawe | 20, ‘trw | 20° | = | 25 }25 | - | 20] - | 20] - | 
Write command to CS lead time | towL SEE ES] SE 
Data-in set-up time tos | o{-fo]-foj}-[o}-]o] - | as| 
Datavin hold tine ton [| -|2|—le]—[|—lel—[o 
cS wo WE aon towo| 2 [= [=| — [=| - |=] - [a] - [wl 
FAS WE dt few | 2 | = [wo] - [7 [ =e] — fool — [me |e 
Column address to WE delay time rc 40 | - | 80] - | a5| - | 40] - | 50] - | ns 8 
RAS to second WE delay RSWO | AE ee 

9 


Read command hold time t 
reference to RAS RRH 
RAS to CS set-up time 
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AC CHARACTERISTICS (CONT.) 


Parameter Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note 
|| a | Ra] a A 


RAS to CS hold time : 
audi, ida 30 30 30 
CS precharge time 

= 50 


Cece SIDS OSOSC SCE 


precharge 


Notes: 1 
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC characteristics assume at ty = 5 ns. 


VIH (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj, . 


Measured with a load circuit equivalent to 2TTL + 100 pF. 


Operation within the tacp (max.) limit insures that trac (max.) can be met. tacp (max.) 
is specified as a reference point only; if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tcc. 


Operation within the tRAD (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if tap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by taa. 


Operation within the tuwap (max.) limit insures that taLw (max.) can be met. tlwaD 
(max.) is specified as a reference point only; if tuyap is greater than the specified 
tLWAD (max.) limit, then access time is controlled exclusively by taa. 


tWcs:. tWH: tcwD: tRWD and tawp are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if twos 2 twcs (min.) and 
tWH 2 tWH (min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcwp 2 tcwp (min.), tawp 2 
tRWD (min.) and tawp 2 tawp (min,), the cycle is read/write cycle and the data out will 
contain data read from the selected cell: if neither of the above sets of conditions is 
Satisfied the condition of the data out (at access time) is indeterminate. 


Either tkRH or tRCH must be satisfied for a read cycle. 


tt MSM 11002A 


READ CYCLE 


RAS JIM 
be 'CSH 
tASR tRAH tRAL (AH | 


pom a9 Yi ST CTLILTLLL 


tCRP 
—— Vyy- 
CS 
Vit - 


ve "77 TILD = 


tAA 


tRAC 


V et 
pout YO one — 


Y/) ‘ Don't care 


WRITE CYCLE (EARLY WRITE) 


tRAS 


tAWR 


ee ee 


; "ASR 


ly LLL —_——- TTILT IS TIT ILLS LL 7. 


iene tRAD 
CR tcRP 


Ics 
'RCD \ 
= 


tworR 


TITEL wal we VITTTTTTITTTTTT 
WHT -+- TTT TTT 


tDHR 
OPEN 


‘ Don't care 
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READ/WRITE CYCLE 


Aas VIH™ 
iL- 


V 


wom YH So es iii 
al 


trac 
tRAD 


'CRP 


= “TTT 
6 T/T 


___'RAC 
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MSM 110020 


STATIC COLUMN MODE READ CYCLE 


ara VIH- 
Vit x 


taSR tRAH tRAL tAH 


vi =X ‘on he wee Nee 


i 
aoe 


ol 
eae tron | QO aa 
ee —s 
1/11/11 A R77 


tRAC 


OE UR Sats yp Oo (bas 


ICLZ | tcLz 


é : t 
Don’t care 
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@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


'CAH tRAL 


KZ coven KZ//M corn K///H coun X/ 7/7 L/L// 


‘CRP 


tcp 'RSH | | 


LTT TTT BB WTAE WORE XZ TTT. 


Ne cies 
oe : Don't care 


@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


'TASR 


2), 2? ai doe a na cea = ea Sele 


‘we 


i LETT BE NN EE XK BEE NTT 


VOH — 
VoL — 


: Don't care 
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STATIC COLUMN MODE READ/WRITE CYCLE 


tRP 


tRASC , 


7) Soc swot CTT TIITT 


) 


'RAD tcrp 


we TTT 


tRcoD 


it LLL LLL) (cus LLL) CLLLLLLLLLLL 


Dour YOu” OX veo KTR (vaoae 07/7} 


'CLZ | 


: Don’t care 


[ee es 
tacs as a el a 
ees 
'RwD | [7] 
|—_ _. eee Me eae | 
SS ae 
{DH 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


RAs VIH- 
Vit - 


Wt ZZIKexeme MZZZZON comms KZ IM conn WZZZZ 


es J 
Vip - 


TAHLW 
ea eee CMA) (REE IS 
two a 
y [SRST O Geen ak) (ARNT ah IS DID aS} 
We IH_~ 
Wane | tow oaeaianeS 
TAA 


mn LLL Fat WET 


'CAC 


tan 'AOH TALW 


HONE Mme TTT TOM te KO. 


(READ) (WRITE) (READ) 


Z : Don't care 
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@ MSM511002A mw 


RAS ONLY REFRESH CYCLE 


os Vn" a \_/ 
mo 98 LLL KILL LLL LLLP 


We ‘ Don't care 


NOTE: WE =Don't care, AQ = Don'tcare 


CS BEFORE RAS AUTO REFRESH CYCLE 


IRc 
trp 'RAS 
———— ere 
Ras ‘IH 
Vit - tReC 
'CPN 'CSR {CHR 
Wie 
cs IH 
Vile es 


NOTE: WE = Don't care, AO ~ AQ =Don'tcare 
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HIDDEN REFRESH READ CYCLE 


CS ce 
taSR tr vo, 
V 


mom n9 DM Fon) KX nis CTD TI LTIT TTT TILT. 


| | 
WIM CUMULUS 


tRAC 


'CLZ mY 


scale 


'ASR 


* oe MX co MILL LLL LLL 
WE yr nS  VITTTTTTTTTLLLLLLTLIT. 


YWHLLL Ce SLLLTILLL IITA LT AIL LY LT 7. 


oe 


OPEN 


: Don't care 
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CS BEFORE RAS REFRESH COUNTER TEST 


'RAS trp 
RP 


aie ee 
ViL = 
tCSR ees tc 
° me i 
= TAH 


IL 


V . ka 
jonas IH (“sxe 
LTPP T I TTT TIT LK Z/ 


READ CYCLE z 


Ven il. e 
ee 


TTT Caan REZ 
WRITE CYCLE | 
vn UA, 


0-0 4 TTT TTT TTL LLL cone 
bur a = ; OPEN 

we Yi TTDI YT TTT 

om STITT LT LTL TTT TT IK woe MTT TTT TTT TT 

BESO ENTE CYCLE ICAH 
“0-99 "TTT TTT TTT LTT Ion CLTTITL 
a tacos | 23 " f 
ie 


ewe wor 
TTT L LTT LL ne Mee SHOE NM, 


se Oe A, 
44, : Don’t care 
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OKI semiconductor 
MSM514256A 


262,144-WORD x 4-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSM514256A is a new generation dynamic RAM organized as 262,144 words by 4 bits. The technology 
used to fabricate the MSM514256A is OKI’s CMOS silicon gate process technology. The device operates at 
a single +5V power supply. Its |/O pins are TTL compatible. 


FEATURES 
@ Silicon gate, tripple polysilicon CMOS, @ 262,144 words by 4 bits 
1-transistor memory cell 
@ Family organization 
Family Access Time | Cycle Time Power Dissipation 
(MAX) (MIN) Operating (MAX) | Standby (MAX) _ 

MSM514256-70 | __70ns__—~|_—«t40ns_—=«d;=SC SW 
MSM514256A-8A/80 80ns 160ns 413mW 5.5mW 
MSM514256A-14/10 ca ae 368m 

@ Single +5V supply, +10% tolerance Fast page mode, read/write capability 

@ Input: TTL compatible, address input, data @ CAS before RAS refresh, Hidden refresh, 

input latch RAS only refresh capability 

@® Output: TTL compatible, tristate, nonlatch e “Gated” CAS 

@ Refresh: 512 cycles/8 ms @ Built-in Vag generator circuit 

® Output impedance controllable through early 


write and OE operations 


PIN CONFIGURATION (TOP VIEW) 


a 
PinNames | Function 
AO to A& Address tnput 
RAS Row Adaress Strobe 


CAS Column Address Strobe 


SYVOSTVISWSW 
SFYOSZTDIGSWSW 
SZIV9STPVLSWSW 


OE Output Enable 


| 
| 

DQ1 to0Q4 | Data In/Data Out 
t 


WE Write Enable 


20 PIN DIP . Power Supply (+5V) 
26 PIN SOJ 20 PIN ZIP y 


Vss Ground (OV) 


N.C. 
* Refresh Address No Connection 
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FUNCTIONAL BLOCK DIAGRAM | 


Timing 


Generator da 
Timing 
j q Generator 


! Write. 
rely Ss Column Clock 
Buffers Decoders Generator 


Internal Refresh 
Address 1//O 


Row 
Address 
Buffers 


| 


Input j--.-—--. 
Buffers 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss eS Ta = 25°C -—1.0to +7.0 V 

~ Short circuit output current | tos | Ta =25°C mA 

- SBawek dissipation SPD Ta = 25°C W - 
Operating temperature | Oto +70 °C 
Storage temperature 55 to +150 °C 


RECOMMENDED OPERATING CONDITIONS 
(Ta =O to +70°) 


Parameter Symbol | Conditions MIN Unit 


6) 


V 
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MSM514256A a 


DC CHARACTERISTICS 
(Voc = 5V +10%, Ta =0 to +70°C) 


MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256 
Parameter Symbol Conditions ene an ie hs AO | Unit | Noto 
___[akelnielninfnioi 
are eae Pee ee 


OV SVIS6.5V; 


Input leakage 


IL} | all oter pins not 
current under test =OV 
current OVSVOS5.5V 


RAS, CAS cycling, 


Average power Sao 
supply current* ioc! 
(Operating) 


TRco=min 


Power supply 
current* (Standby) 


RAS cycling, 
CAS=ViH 
tRc=min 


Average power RAS 
supply current* Icc3 

(RAS only represh) 

Average power 

supply current* (CAS | Icc6 | == 
before RAS refresh) 


RAS cycling, 
CAS before RAS 


Average power 
supply current* Icc? 
(Fast page mode) 


CAS cycling 
tpc=min 


*Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
Output open. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (AO to A8) Cint pa at pF 


input capacitance C 
(RAS, CAS, WE, OE) IN2 
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AC CHARACTERISTICS 
(Voc =5V +10%, Ta =0 to +70°C) Note 1,2,3 


—_ ecoceroctcee ols 
Refresh period f-[ 8 j-[s[-| 3) 
Random read or write cycle time SCecevececed 
ae ea es es es ea 
Fast page mode cycle time }55| - [55] - | 45] - | 50. 


Fast page mode read/write mS 
time 'PRWC 


Access time from RAS trac | } 100 | — | 70 | - | 
= eee OSC BOe Bosc 
Seeeeo sd RIE ESE 


Access time from CAS precharge tops | = 


Output low impedance time from 
CAS 


Output buffer turn-off delay torr | 0 


Transition time @OOO GOO CoCG 
RAS prechrge time twp [70] - 80) - |@o] — | 70] ~ [a0] - | ns 
RAS pulse width ‘as | 80 | rooo0 | 100 | 00 eee ele 
RAS pulse width 90000 50000 00000 90000 


RAS hold time 


CAS precharge time 

rn mo SCmCB0E0EUEa 
CAS pulse width tas | 25. | 25 | 10000 EW 10000 10000 | 20 | 10000 | 20 | too00 | 25. 

CE te “Heo Soeoe ce 
RT GS any ve noo | =| 58 [as | 7 [ee| wo [za] wo || 78 [| 
RAS to column address delay time trap | 20) 40 | 20| 50 | 17 | 35 | 17 | 40 | 20} 50 | ns | 6 
CEC pecs tne enw |@|- [| - |) - |] - [wm] - [ow 
rowed wiptne |e) |- || |e) -]o]-]o|-[m 
Rovatietohodine fier] ®|— |) -]#|- | @|—| 8) - [rw 
Column address set-up time asc] 0] - fo] - [o] - ]o] - fo] - [ns] 
Column address aoe time toa | 15] - | 20] - | 15] - [15] - [20] - | ns 
Column address hold time from RAS tan [eo| - [75] - [55] - |eo| - |75| - | ns 
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AC CHARACTERISTICS (CONT.) 


MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256 
Parameter Symbol Unit | Note 

so ee eniws tase a 
Column address to RAS qead time taar | 40] - | 60] - | 95] — | 40] - | 50] - | ns | 
Read command set-up time taces | 0} -[o]-]o}-|o]-]o]- |ns 
Read command hold time tac | 0 | - | 0 | po f-[o0]- [0] = |as| 8 
Write connand hold time from RAS twor | 60 | - | 75° }5s| - | 60] - | 75] — | ns | 
Write command set-up time twos} o}-|o}-|o]-]of-]o|-|ns|7 
Write command hold time wou] 19 | - | 20} - | 15 | - | 5 | - | 20| - | ns 
Write command pulse width twp '1s| - | 20] - fis | - | 15] - | 20] - [ns | 4 
Write command to RAS lead time | tRwL }20 | - | 25 | — | 20] - | 20} - [25] - | ns | 
Write command to CAS lead time towr | 20 | - | 25 | - | 20] - | 20] - | 25 | - | ns | 
Data-in set-up time foe fol Loe potter 
Data-in hold time ton | 16 | - | 20| - | | - | 15 | - | 20] - | ns 
Data-ds hold time from RAS tour | 60] - | 75 | - | 95] - | 60} - | 75] - | as | 


Siow a feo] #|~[w| [||| fe] l=]? 
ee fooler == ff 
Column address to WE delay time ‘tawp | 70° ‘tawp | 70° eee 85 7 

8 


Read command hold time ' ior 

reference to RAS BAH | 

RAS to CAS set-up time 

RAS to CAS hold time 

CAS active delay fron RAS 

CAS precharge time 

TS mecaceine ew |e | [8 [-[w]-/e)- |e) — [me 
RS nae tse WE |tnow [20 | — [20 | — [20| — | w0| - [| — [ow 


cco tmeton6e us| [=] [=| -|@| |=) - [elm 
OE a SDS Oe De0s lsc 


OE to data output guffer : 20 
turn-off delay VEZ 


eae ICCC 
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Notes: 
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1 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC characteristics assume at ty =5 ns. 


Vit (min.) and Vy, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj,. 


Measured with a load circuit equivalent to 2TTL + 100 pF. 


Operation within the tacp (max.) limit insures that trac (max.) can be met. tarcp (max.) 
is specified as a reference point only; if trop is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tc ac. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap (max.) 
is specified as a reference point only; if trap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by tag. 


twcs: tCWwD: tRWD and tawo are not restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only; if twos 2 twcs (min.) the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwp 2 tcwp (min.), tawp 2 tRwp (min.) and tawp 2 
tawp (min.), the cycle is read/write cycle and the data out will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied the condition of the 
data out (at access time) is indeterminate. 


Either taRH or tRCH must be satisfied for a read cycle. 


MSM514256A s 


READ CYCLE 


ewe 
TDK WON KOT TTT 


nics (ARH rs 'RCH 


rie thE) g mae KOMI 
ob yn mbm WLLLLLLLLLLLLLLLLL 


'RAC 


a ] 
crs, 


Don't Care 
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TAR 


ole es 
re pee ee ee, 


ie hesaneee sco eae 
LLL" KIX 0 KI LLL LLL LLL LLL 


TTT TN + VITTTTTTTITTTTTT 
on ae 


Ei TITTLE LTT TTT TTT 


V 
DQ1 ~DQ4 

Vit 
(7A Don't Care 
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WRITE CYCLE (OE CONTROL WRITE) 


a L—-_/ 


We ZX YO [<8 MUMIA 


tRWL 


‘ce [TITTTTILIITIILLT DB WITIILLELELLILILT LLL 
ze el MANNE CETTE 


par ~oaa IH” LLL LL HR vans 0ate9 W/L LLLP LLL LL LL 
[Z) don't Care 


READ/WRITE CYCLE 


'CSH 
'CRP 


| tRSH 
— ae ©) ee eee | 
ee 
'ASR re ICAH 


- ZK ton WK essen KZ LLLLLL) 


'RAD 
tRwWD tRWL 


"WIZZ 
: LLL ae 


{RAC 


ae 
ae aa gD LIIIMM 


V7) Don't Care 
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FAST PAGE MODE READ CYCLE 


tRRH 


a /1/11// war TRZZZ 


LLL ATTN WILLLYLD | WILY LLLL 


'CAC | "OFF ICAC lOFF 'cac OFF 


tRAC 7 ben iy eo) =74 


f Valid Valid 
4 Data-ou UX _Data-out_ 
toLz VA Don't Care 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


'RP 
GEES 


——~ Viy- A 
MES 
'RSH 
as 
=< Viy- ae cA / 
Vib - ee / 
SSSR 0 
| ; 'RAL 
'CAH ASC} | 'CAH 


nM eK ae KIN oor KI os KOLO 


tASR 


pen Vin & 
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| 'ps OH 


car oot #7777 7IN vai, MIZIN tin KOLIM Bin NZ I7TT 


toHR 


Don't Care 
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE) 


rae 


py ee | 
= Je ae: =e: KLLLLLLLLLL) 


10-08 TOOK 


WL 
twp twp tCWL 


We yt TELLTALE Lp “aa, baa 


ViL- 
TwecrR 
Ta, lowe, oe 


LLLELLLLLLLL LLY al LL) iT le D if tos WLLL 


pat -paa vit” TTT KT Th ian 


(7773 Don't Care 


200 


a MSM514256A a 


FAST PAGE MODE READ/WRITE CYCLE 


LLILILLLLLLL. 


tRWL 


ies sie aes 
WE vy LLL 


pa1 ~Da4 Hee MouTeX in f 
V/ a 4 eS 
ae 


We, Don't Care 


RAS ONLY REFRESH CYCLE 


‘ASR (RAH 


moma LLIN MILL LLLLLL LLL LL 


/// Don't Care 


Notes: WE, OE = Don't Care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 


Notes: WE, OE. AO ~ A8 = Don't Care 


HIDDEN REFRESH READ CYCLE 


aL) o A 280 WLLL LLLLLLLLLLLL LI 


ReS | tat at: tRRH | 


= TT te, a MTT 


ViL - 


me Ne TTT 


Vit - 
tCaC torr 
t 
tRAC OEZ 


V _ 
rng — as 
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V7} Don’t Care 


MSM514256A a 


HIDDEN REFRESH WRITE CYCLE 


Vink ~ 
CAS 


Don't Care 
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CAS BEFORE RAS REFRESH COUNTER TEST 


ams |S ore eae 
mw 9p 
ee, = CLLLLLILI LLL LL LLL 
READ CYCLE * al er 


* TTT X77 


“ TTT = 
a /; 


WRITE CYCLE wer l | 
= a TTT 


V ~ 
pq1~9q4 JH 
Vy 


pipe CYCLE Fe] 
vi jemeeeananinn” 
Me LLLLLLL LLLP Me 
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OK I semiconductor 


MSM514258A 


262,144-WORD x 4-BITS DYNAMIC RAM 


GENERAL DESCRIPTION 


The MSM514258A is a new generation dynamic RAM organized as 262,144 words by 4 bit. The 
technology used to fabricate the MSM514258A is OKI’s CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, tripple polysilicon CMOS, @ 262,144 words by 4 bits 
1-transistor memory cell 
@ Family organization 


Access Time Cycle Time Power Dissipation 


(MAX) (MIN) _ | Operating (MAX) | Standby (MAX) 
MSM514258A-70 70ns 468mW 


Family 


MSM514258A-8A/80 gOns 160ns 5.5mW 
MSM514258A-1A/10 190ns 358mW 
e@ Single +5V supply, +.10% tolerance @ Static column mode, read/write capability 
@® Input: TTL compatible, address input, data capability 
input latch e CS before RAS refresh, Hidden refresh, 
® Output: TTL compatible, tristate, nonlatch RAS only refresh capability 
@ Refresh: 512 cycles/8 ms ® Built-in Vag generator circuit 


® Output impedance controllable through early 
write and OE operations 


PIN CONFIGURATION (TOP VIEW) 


Pin Names Function 
AO to A8 Address Input 
RAS Row Address Strobe 
cs Chip select input 
DQ1 to DQ4 Data In/Data Out 


z <4 <= 
n 2) 2) 
= = = 
on on oO 
pea’ — —_ 
> ned > 
> N NO 
wn on on 

© [ee] 
$ > > 
5 a N 
n ” n 


Output Enable 
SaaS ES SS SSS 
Write Enable 

20 PIN DIP 26 PIN SOU 20 PIN ZIP Power Supply (+5V) 

Ground (OV) 


hen N ti 
* Refresh Address o Connection 
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FUNCTIONAL BLOCK DIAGRAM 


Timing 
Generator 


Column 


Address eeu 
Buffers Decoders 


Internal 


Address 1/O 
Counter Selector 


Row . +— DQ,~DQ, 
Address 
Buffers : aoe | 
ae ie == 
Buffers 
Vcc 


Vss 
Onchip Veg 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Rating Symbol Value Unit 


Voltage on any pin relative to Vss V 

Short circuit output current | tos | Ta=25ec | 50 mA 

Power dissipation | Pp | ta=zec | W 

Operating temperature Topr | = | Oto +70 °C 
eas) 


Storage temperature Tstg —55 to +150 °C 


RECOMMENDED OPERATING CONDITIONS 
(Ta =O to +70°) 


Parameter Symbol MIN TYP Unit 


Input low voltage | VIL = | -1.0 | = | os | 
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DC CHARACTERISTICS 
(Voc =5V +10%, Ta =O to +70°C) 


ee Symbol Hf Ee meter mes 70 miei 80 nen Unit | Noto 


fellate 
ee eee 


OVSVIS6.5V; 
all oter pins not |—10 —10; 10 |—10 10 uA 
under test =OV 

current OVSVOS5.5V 

Average power RAS. GS cycling 

supply current* eae ai 75 65 85 75 65 | mA 

(Operating) 
mas-vw [re] -|2{-|2|-[2|-|2|-[2) 

Current* 

=e pes EEE ET 


Average power RAS cycling, 

supply current* CAS=Vip 75 65 85 75 65 |mA 
(RAS only represh) tRc=min 

Average power 

supply current* (CS BAS ene 75 65 85 75 65 | mA 
before RAS refresh) 

Average power RAS=VIL, 

supply current* CS cycling 75 65 mA 
(Static column mode) tsc=min 


*Note: Icc is dependent on output loading and cycle rates. Specified values are 
obtained with the output open. 


Input leakage 
current 


Power supply 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (AO to A8) Ene pF 
Input capacitance 
(RAS, CS, WE, OE) CIN2 ae 
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AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) Note 1, 2,3 


Da panaetek en 514258A-1A | 514258A-70 | 514258A-80 | 514258A-10 Unit | Note 
ee MAX =a 

Rosh pot fwer|-[@ [=| [-[* [=| 

Random read or write cycle time |tRo | 160 et tt hatter ote 

et ne [re — fo — fs — fr — fo — fw 


Static column mode cycle time tsc 55 | — | - [5 


}50| — | 55] - | 
seen lel el lel fol ie 
Access time from RAS trac | — | 100 | - | 70 | — | 80 | - | ns |456 
Access time from CS icac | = a See 
Access time from column address taa | - | 40 | - | 50 | - | 35 | - | 40 | - | 50 | ns | 46,7 
Access time from last write a Ee 4,7 
Output low impedance time from CS Sa a ee Pa 


Data output hold time reference to), 

column address 

Data output enable time reference , 30 30 30 30 30 
to WE 


Output buffer turn-off delay | 20 | 0 | 20} 0 | 20} 0 

Taneton tn = [s[w[s[a [s/o [s [els [eels 
FAS peclige tin we {ro[ = [ool = [oo] = [rol = [oo] = [re 
RAS pulse wa as | 0 foo oo joo00) 7000] 80 00900000) ns 


RASpulse width 
Giatic Column medeeyele.oal) tRasc | 80 ora) 70 er 80 oro jx) ne 


ARS ol tie ras | 25] — |o0) — fw] m|— || — [oo 


CS precharge time 


CS pulse width ‘tes | 25 [10000 20 [10000] 25 |10000} ns | 


eae ee cycle only) Soate date 
C5 ol tne orale ec at ete 
mean ——elelatete lala lele lela lel 
RAS to column address delay time trap | 20| 40 | 20) 50 | 17 | 35 | 17 | 40 | 20] 50 | ns | 6 
CAS RAS precharge tine [tome [| - [| — | w| - |w| — [0] — [ne 
Row address set-up time task | 0 | - | O} — | 0 1 - {of} - |o] = |ns| 
Row adios foie [tran | | —[8| —|@[-[@|— |) — [ne 
Column address set-up time tasc {0 | - |o | - |o] - [of] - [o| - |nas| 
Column address hold time toa | 15 | — [20] - [15] - | 18} — | 20] - | ns| 
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AC CHARACTERISTICS (CONT.) 


Daramater Symbol 514258A-8A| 514258A-1A |514258A-70|514258A-80 | 514258A-10 Unit | Note 


MIN IMAX| MIN | MAX MIN, MAX MIN, MAX MIN | MAX 


Ca a FS adie [a Seceoeoececs 
Column adress hold time reference t 

to RAS (WRITE CYCLE) AWR 

Column address hold time 

reference to RAS tAR 

Column address hold time 10 
reference to RAS precharge 

Column address hold time 

reference to WE 'AHLW eel 


Last write to column address delay tuwap | 20 statwtatataleletetete £ 
Read command se-up time tRCS fo|-|o}]-|o]-|[o]-]|o]-|ne| 
Read command hold time tach | 0 |-[0]-]o]-|o ]-|]o] - [ns 9 
Write command hold time from RAS twor| 60] - | 75] - | 55] - | 60] - | 75 | - | ns | 
Write command set-up time twos} o | -|o}-]o]-j;o]-]o | -]as; 8 
Write command pulse width ESE 
Write invalid time fx | - || - | 1] - | 0] - | 10 | 10 | 

Write command hole time ae mel els 8 
(Dout disable) 

Data-in hold time fromRAS toHR | 60° }76 | - | 66| - | 60] - | 75 | - 

Write command to RAS lead time oe 
Write command to CS lead time |tcwt | 20 | - | 25| - | 20] - | 20] - | 25 | - | ns | 
Data-in set-up time ts |o]-[o}-]o]-[oj;-]o] - | ns] 
Data-in hold time tpH 15 | - | 20] - | 15 | - | 18 | - | 20] - | ns | 
cS 0 WE ct fewo [ss [—[68| [| —[e|— [eo] = [rel s 
FAS 1 WE cl two [m0 | — [6] - [wo] — [vo] — bes — [re [8 
Column address to WE delay time tawo| 70 | — | a5 | - | 65 | - | 70] - | a5] - | ns 8 
RAS to second WE delay tRswp | 95 EE 
Read command hold time tary | 10 = |m) |) {delle 9 
reference to RAS 


RAS to CS set-up time ; 10 10 
(GS before RAS) CSR 

RAS to CS hold time 

CS active delay from RAS 
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AC CHARACTERISTICS (CONT.) 


Paramcter Symbol yee 8A cane 514258A-70 rae eae Unit | Note 
Max an a a 


<a SRECeCeoECED 
CS precharge time tcPN | )10) — | 10] - | 15 | - | ns | 

RAS hold time reference to OE Se eee 
Access time from OE ee et 
OE delay time toep | 20 } 25° =. 2S 


OE to data outkut buffer turn-off 
delay 


See ae ORR CSC 


Notes: 1 = An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 The AC characteristics assume at tt =5ns. 


3 Vip (min.) and Vj, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vp and Vj. 


4 Measured with a load circuit equivalent to 2TTL + 100 pF. 


5 Operation within the tacp (max.) limit insures that trac (max.) can be met. tacp (max.) 
is specified as a reference point only; if trop is greater than the specified trop (max.) 
limit, then access time is controlled exclusively by tcac. 


6 Operation within the trap (max.) limit insures that taac (max.) can be met. trap (max,) 
is specified as a reference point only; if tRap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by tag. 


7 Operation within the tLWAD (max.} limit insures that tatw (max.) can be met. thwaD 
(max.) is specified as a reference point only; if tuwap is greater than the specified 
tLWAD (max.) limit, then access time is controlled exclusively taa. 


8 twcs. tcwD. tRwD and tawp are not a restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only; if twos = twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwp =tcwp (min.), thwp = tRWD (min.) and tawp = tawp (Min.) the cycle 
is read/write cycle and the data out will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied the condition of the data out (at access time) is 
indeterminate. 


© 


Either taRH or tRCH must be Satisfied for a read cycle. 
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MSM 14258A 


READ CYCLE 


ees ON 
Ras _/H 
Vib & 


'RCOD 
cs VIH- tRAD c\ 
Vil a 
A AR 

V 
cae TYR Pew YN comm WZ 

| RCH 
tRcs 'RRH zz 

ee 


mT, [= | MLZ 


LILLIES L/P LD SA MTT TTL 7 


'OFF 


!OEZ 
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V = a 
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Don't care 
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WIM IM5 1925 BA re 


WRITE CYCLE (EARLY WRITE) 


'RC 
| ‘RAS tRP 
; t 
ane VIH AWR 
Vit = 
t 
je——____CSH) i {cRP 
tcRP tRCOD 'RSH 
a 
V — es ae 
eh mee aeneeiess 
tASR tRaH | tASC tCAH 
Ww LLL PRP KX coun) 
Ao Ae K/ ITT 
Vie /X iy Column ©. 


V - 
pai ~pa4 //H 
VIL _ 


[7 Don't care 


WRITE (OE CONTROL WRITE) 


'RAD 
<a} ———t 


} 
‘ASR’ so 'RAH 


VIH ~ 


: OT TTR mame XT 


Invalid Data-out 
TA Don't care 
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le MIM 14258A 


= —_* 


ee 


tasr\| |'RAH 'CAH 


LIX row UR coum ASST 


'CWwD ICWL 


| wo 
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{OEA 


oe Yi TTTTTTTH TTT = 
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READ/WRITE CYCLE 


tRAC 
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V 
DQ1 ~DQ4 | VOH © 
VOL - 


CY Don't care 
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a Ie (i), ee ae. 


t 
RAD ICRP 


erent | 
'RRH 


me TTT 7, [wa 


Vel Lg) MILLLLLLL 
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VOH ~ Valid Data 
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@® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


rn ee 


ase | pele 


= en a 
= 
=e, | ie 7AM 


“Der UN, Sear LLLLLLL/ 


_ 2 


Vit — 


@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


tRASC 'RP 
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twcs 1 WCH 
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STATIC COLUMN MODE READ/WRITE CYCLE 


—— V — 
RAS —/H 
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tASR 'RAH 
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taAWD 


tRwWD 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


Rag VIH 
iL - 


roast ZL comme ZZ come WR comm W////. 
= = 


tawDd 
a See 
o> oo oa 


We VIH - 
VIL = 


= ZT 


(READ) (WRITE) (READ) 
V7) Don't care 


RAS ONLY REFRESH CYCLE 


8 LLIN LLL LLLLLLLLL LLY 
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Notes: WE, OE = Don'tcare 
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CS BEFORE RAS AUTO REFRESH CYCLE 
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'RP tRAS trp 
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V 'RP 
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HIDDEN REFRESH WRITE CYCLE 
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CS BEFORE RAS REFRESH COUNTER TEST 
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OKI semiconductor 
MSM514100 


4,194,304-WORD x 1-BIT DYNAMIC RAM: FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The MSM514100 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit. 
The technology used to fabricate the MSM514100 is OKI’s CMOS silicon gate process technology. 
The device operates at asingle +5 V power supply. Its I/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 


@® 4,194,304 word by 1 bit organization 


350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP 


@ Family organization 


Access Time Cycle Time Power Dissipation 


Eemuly (MIN) Standby 
ae (MAX) (MAX) 
MSMS14100-84 (Mos Tevel 


Single +5 V supply, + 10% tolerance 


@ Input: TTL compatible 

© Output: TTLcompatible, tristate, nonlatch 

@ Refresh: 1024 cycles/16 ms 

® Common !//O capability using “Early Write” operation 

@ CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
@ Multi bit test mode capability 


@ Built-in Vgg generator circuit 
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PIN CONFIGURATION (TOP VIEW) 
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FUNCTIONAL BLOCK DIAGRAM 
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Address 
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Generator 


Column 
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Refresh 


Control Clock Sense Amps 


On chip Ves 
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Pin Names Function 


A0toA10 | Address Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
Data Input 
Data Output 
Write Enable 
Power Supply < +5V> 


Ground <0V> 


No Connection 


Timing 
Generator 


Write 
Clock 
Generator 


0 Output 
Selector Buffer 


Input 
Buffer 
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ELECTRICAL CHARACTERISTICS 


2 ABSOLUTE MAXIMUM RATINGS 

| MOtage oh any. VT Ta=25°C ~1.0to+7.0 
| relative to Vss 

, current 


| Power dissipation 


temperature 


Storage temperature -55to +150 


RECOMMENDED OPERATING CONDITIONS 
(Ta=Oto + 70°C) 


2 
Supply Voltage 


Pe 
Input high voltage Vin 2.4 2 


Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 
(Vcc=5V+10%,Ta=Oto + 70°C) 


Parameter Symbol] Conditions aon enn! 514400-10 Unit | Note 


Ss (ee 


OVS VIS 6.5V; 
all other pins 

Input leakage current lu i Sea -10} 10 |}-10} 10 |-10 pA 
test=0V 

Output leakage Dour =disable | _ 7 _ 

current sveVorssui7 | 10} 10 10] 10 | pA 


Average power RAS, CAS. 
supply current lec cycling, 1,2 
(Operating) 


Power supply current 
(Standby) 


Average power 
supply current 
(RAS only refresh) 


Power supply current 
(Standby) 


Average power 
supply current _ 
(CAS before RAS 
refresh) 


Average power RAS = 
supply current lcc7 
(Fast page mode) = 


CAS cycling 
tec = min 


Notes: 1. Icc is dependent on output loading and cycle rates. Specified values are obtained. 
with the output open. 


2. Address can be changed once or less while RAS = V;,. 
3. Address can be changed once or less while CAS = Vix. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance C 7 
(RAS, CAS, WE) Ne 
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AC CHARACTERISTICS 
(Vcc =5V+t10%, Ta=O0to +70°C) Note 1, 2, 3, 10, 11 


Paraniater symbol 514100-8 |514100-8A | 514100-10 aah ete 

~ SES 

Random read or write cycle time ) tee f160} - [160] - | 190] - | ns | 

Read/write cycle time | tawe [185] - [190] - | 220] - | ns | 
Fast page mode cycle time } tec | 55] - [55] - | 65] - | ns 
Fast page mode read/write cycle time terwe] 80 | - | 80) - | 95] - | ns 

Access time from RAS trac | - | 80 | - | 80 | - | 100 | ns” 4.5 

‘Access time from CAS teac | - | 20 | - | 25 | - | 25 | ns | 4.5 


Access time from column address stm | — | 40} — | 40 | - | so ns | 4.6 
Access time from CAS precharge Fteea | - | 45 | - | 45 | - | 55 | ns” 
Output low impedance time from CAS ftaz] oo] - |o} - |o] - [ns 
Output buffer turn-off delay time torr | 0 | 20 | 0 | 20 | 0 | 25 | ns 
Transition time rE Tete tame eis 
ees pei Pe f= [6 [= [oe [= [6 [ve 
RAS precharge Pie [mo] = [|= fw] = [ow 
Ra pul wi Fas [2 [om 00 [ionn| 00 [onal rs 
RAS pulse width (Fast page mode) tease | 80 |100,000] 80 |r00,000] 100 fro0,000] ns 
Ras holdtne Pew fee] = fas[ = [asf = [oe 
FS precharge rer fo] = [ol = [ol = [= 
CFS eldtine Pew fee [ = [ee] = [rool = [ow 
CAS to RAS precharge time ftere | 10 | - | 10} - | 10} - | ns | 
RAS to CAS delay time aco p22 | 60 [25 | 55 fas] 75 [rs] s 
RAS to column address delay time tran | 17 | 40 | 20 | 40 20 | 50. | ns | 6 
Row address set-up time tase | 0 | - | 0 | - | 0 St 

Row address hold time tran | 12] - | 15 | - | 15] = | ns | 

Column address set-up time | ftasc| 0 | - | 0} - | oO] - [ns] 

Column address hold time tea | 15] - | 15} - | 20] - [ns | 


Column address hold time from RAS. } tor | 60] - | 60} - | 75] - [ns | 
Column address to RAS lead time tear | 40 | ~ | 40} - | 50 | - | ns | 


Win] RP] A 
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314100-8 | 514100-8A | 514100-10 | ed ote 
5 ns 


po] 


AC CHARACTERISTICS (Continued) 


> 


Parameter Symbol 


3 
w” 


Read command set-up time tre 


») 
© 


Read command hold time trc 


Read command hold time reference to 


RAS 


Write command set-up time 


wn 
Ne) 


| 
| 
| 
Cae 
| 


ut 


Write command hold time 


A 


oo na ct 
a ae ee 
a a =x x nn 


Write command hold time from RAS 


co 
= 
a) 
a 
=) 


=) 
vA) 
ie) 


>) 


Write command pulse width 


=) 
wn 


s 
= 
- me) 


Write command to RAS lead time try 


Write command to CAS lead time 


o 
9) 
= 
ae 
~) 


=) 


Data-in set-up time 


oo 
Oo 
" 


Data-in hold time 


=) 


Data-in hold time from RAS ton 


~ 


CAS to WE delay time tcw 


Column address to WE delay time taw 


=) 
WO Ot oO 


RAS to WE delay time 


wn 


CAS active delay time from RAS 
precharge 


RAS to CAS set-up time (CAS before ; 
RAS) CSR 


co) 


NO _ NO ul NJ = un NO | NO 


>) 
wn 


RAS to CAS hold time (CAS before RAS) | tcye 


NO 


NO = = —_ ie) = Bh? | Ro} — par 
© © (2) fo) fan) © nn oO; oO; wo 


NO 
co) 
> 


CAS precharge time (Refresh counter 
test) 


sy 
© 


WE to RAS precharge time (CAS before 
RAS) 


co) 
=) 
” 


wn 2) mn rn wn nr w wn w i") 


WE hold time from RAS (CAS before 
RAS) 


fon) 
=) 


Ss 


—_ 
>) 


RAS to WE set-up time (Test mode) twsr 


RAS to WE hold time (Test mode) twH 


NO 
ce) 
wn 


=) 
7 


225 


= MSM514100 se——¥—_—_____________- 


Notes: 1. An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 


2. The AC characteristics assume ty = 5 ns. 


w 


Vin (min.) and V;, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vix, and Vj,. | 


4. Measured with a load circuit equivalent to 2TTL loads and 100pF. 


5. Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcac. 


6. Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tan. 


7. torre (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

8. Either trry or trcy must be satisfied for a read cycle. 

9. twcs, tcwo, trwp and tawp are not restrictive operating parameters. They are 


included in the data sheet as electrical characteristics only; if twcs 2 twcs (min.) 
the cycle is an early write cycle and the data out will remain open circuit (high 
impedance) throughout the entire cycle; if tewp2tcwp (min.), trwp= trwo 
(min.) and tawp=tawp (min.), the cycle is read/write cycle and data out will 
contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 


10. The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 
The test mode specified in this data sheet is 8-bit parallel test function. 
RA10, CA10 and CAO are not used. Ina read cycle, if all internal bits are equal, 
the data output pin will indicate a high level. If any internal bits are not equal, 
then data output pin will indicate a low level. 
The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 


11. Inatest mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 


tre 
tre 
tras 
tere | | tere 
‘ teas y 
mo KX Any, 


tRAL 


AO-AN ye i, EO OE II 


aT 


twcH 


7 == aa = ee 


oa Sa aes eae 


Mat OPEN 


<< << 
oume) = 


GY “v" or “i” 
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READ/WRTIE CYCLE | 


wa A 
tewo | | 


tewo 


Les 
WE oy al ts = anaa«ane 


Wy "4" or “L" 


a» MSM514100 a 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


00-00 RS GR KR XO Xd 


twos twc tweg 


we YY 


tw: 


Nyy 


twec 

tw \y 
tT fp 

to 


LMM 


 MC@lll 
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RAS ONLY REFRESH CYCLE 


a lA 4 


Dout See OPEN 


NOTE: WE,A10="H" or “Lt” Yn "4" or “L" 


CAS BEFORE RAS AUTO REFRESH CYCLE 


NOTE: AO-A10="H" or “L” WYK" or "A" 
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HIDDEN REFRESH READ CYCLE 


HIDDEN REFRESH WRITE CYCLE 


po 


twrH 


le 
« “ W))7 = 2 QW: 


@MSM514100 » 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


“es we = 
ae i 
A0-a10 MMMM ddd 
| 
READ CYCLE ae ae | | tore 


SR 


vor YON fae te 
Dout ne - OPEN YY Valid Data » 
twrp twrH ts, | fi | | | tRRH 
Roe | eed aa) 
WE Vin WY Ci GY 
Vit Yj Yf : 
WRITE CYCLE : 
Vou — 
D 
we Mus J tem sd 


Meo] ey [tes ee 
we \" Y SS 
WA Lldddddddddddddd,_*"*°* KUUddddddda 


READ/WRITE CYCLE 


a torr 
Von — " Dek ws 
4 
Dout ve “) Yy rd . Valid Data _— 
Rae tcwL 
twrp eae baus Aa 
Seecs. Mi) , 
WE Vit Y 
V 
OW yA Yi; 
toH 
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TEST MODE INITIATE CYCLE 


NOTE: AO-A10, Diy="H" or “L" in 4" or “L" 
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OKI semiconductor 
MSM514102 


4,194,304-WORD x 1-BIT DYNAMIC RAM: 
STATIC COLUMN MODE TYPE 


GENERAL DESCRIPTION 


The MSM514102 is anew generation dynamic RAM organized as 4,194,304 words by 1 bit. 
The technology used to fabricate the MSM514102 is OKI’s CMOS silicon gate process technology. 
The device operates at a single +5 V power supply. Its I/O pins are TTL compatible. 


FEATURES 

@ Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell 

@ 4,194,304 word by 1 bit organization 

@ 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP 
® Family organization | 


Power Dissipation 


(MAX) (MAX) 


Single +5 V supply, + 10% tolerance 


Access Time Cycle Time 
Family 


@ Input: TTL compatible 

® Output: TTLcompatible, tristate, nonlatch 

@ Refresh: 1024 cycles/16 ms 

® Common //O capability using “Early Write” operation 

e CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 
@ Multi bit test mode capability 


@® Built-in Vgg generator circuit 
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PIN CONFIGURATION (TOP VIEW) 


Pin Names Function 
AN toA10 | Address Input 
RAS Row Address Strobe 


Chip Select Input 


Data Input 


SIZOLPLSINISI 


Data Output 


< 
nv 
= 
on 
B 
= 
NO 
0 
~ 


SZZOLVILSINSIN 


Write Enable 


18 PIN DIP Power Supply <+5V> 


26 PINSOJ 20 PIN ZIP 
Ground <0V> 


No Connection 
* Refresh Address 


FUNCTIONAL BLOCK DIAGRAM 


Timing 
Generator 
Timing 
Generator 


Write 
Column Column Clock 
Address Decoders Generator 
Buffers 


Internal Refresh /O 


Address Control Clock Sense Amps Selector 
Counter 


Row Row Word 
Address De- Driv- Memory 
Buffers cod- ers Cells 
ers 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


Rating Symbol 


tease | -10t0+70 oo: 


Voltage on any pin 


relative to Vss “ 


Short circuit output 
current 


Power dissipation — Ta=25°C 


“4 


temperature 
Storage temperature Tstg -~55to +150 — 1 


RECOMMENDED OPERATING CONDITIONS 
(Ta=Oto + 70°C) 


Parameter Symbol MIN Boi Band Ee Note 


2 
Supply Voltage 


<a 
= 


” 

n 
> 
un 
nn 
ro) 
un 
wn 


Input low voltage Vit - 1.0 

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 
(Vcc =5V+10%, Ta=Oto + 70°C) 


Parameter Symbol] Conditions 914102-8 | 514102-8A | 514102-10 Unit | Note 


Output high voltage lon= ~5.0mMA | 2.4 Vec Vcc 


Output low voltage Io, = 4.2 MA 


OV VIS 6.5V; 
all other pins 


< 
ran 
(om) 
I NO 
= > 


Inputleakage current | Iu |e 


Output leakage 
current 


Average power 
supply current 
(Operating) 


Power supply current 
(Standby) 


Average power RAS cycling, 
supply current 
(RAS only refresh) trac = min 


NO 


Power supply current 
(Standby) 


3 


3 3 3/3] 3 : : 
3 [2] 2 [ate] 2 |e] ® |<<] 2 
N 


Average power 
supply current 


RAS cycling, 
before RAS CS before RAS 
refresh) 


— 


Average power 
supply current 
(Static column mode) 


i 
cn) 


ry 

ro) 

E 
> 


Notes: 1. Icc is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 


2. Address can be changed once or less while RAS = Vj. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input capacitance (A0 to A10, Dyn) 


Input capacitance 


Output capacitance (Doyt) 
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AC CHARACTERISTICS 


(Vcc =5V+10%, Ta=Oto + 70°C) Note 1, 2,3, 11, 12 
Ss anieter syiibot 514102-8 |514102-8A | 514102-10 ieee nets 
Random read or write cycle time | tec [160] - | 160] - | 190] - | ns 
Read/write cycle time trwc 185] - | 190] - [220] - | ns | 
Static column mode cycle time tsc 45] - | 45] - [55] - | ns] 
Static column mode read/write cycle time tsawc] 70] - | 70] - | 80] - [ns_ 
Access time from RAS fteac | - | 80 | - | 80 | - | 100 | ns 4,5,6 
Access time from CS Hteac | - | 20 | - | 25 | - | 25 | ns | 4.5 
Access time from column address pt | - | 40] - | 40 | - | 50 | ns 4.6,7 
Access time from last write ftaw | - | 75 | - | 75 | - | 95 | ns. 4,7 
Data output enable time reference to WE Ftow | - | 20 | - | 25 | - | 25 [ns 
Output low impedance time from CS ftaz{ 0] - | o | - | of} - [ns 4 
Data output hold time reference to juon] 5] - | 5] - fs] = foe 
column address 
Data output hold time reference to WE ‘twon} 0 | - | o | - | of - [ns 
Output buffer turn-off delay time | tore | 0 | 20 | 0 | 20 | 0 | 25 | ns” 8 
Transition time 3 
fresh ero Peer | — [6 [ae [ - [16 [ns 
RAS precharge time trp 70 | - | 70] - | 80} - [ns 
RAS pulse width | tras | 80 | 10,000 } 80 | 10,000 100 | 10,000 
RAS pulse width (Static column mode) trasc | 80 |100,000| 80 |100,000 100 |100,000] ns_ 
GAS hold time Fen [20] - [2s] - [2s] - [ow 
S precharge tine Peer [ro] — fol — [of - [os 
CS pulse width | tes} 20 {100,000 25 
& holdtime Pesw [eo] - [60| - [100] - [rs 
CS to RAS precharge time fterp | 10 | - | 10] - | 10} - [ns 
RAS to CS delay time | treo | 22 | 60 | 25 | 55 | 25 | 75 | ns | 5 
RAS to column address delay time Htran | 17 | 40 | 20, 6 
Row address set-up time ftase | O | - | 0 [eo S 
Row address hold time tame | tae). GS 
am 


Column address set-up time | tasc | O | - | 
Column address hold time teate| -Wee| = 1 


NO 

E 

> =) 
Ww 


—_— 
uw 
w 7) 
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paramore Svinte 514102-8 — 8A | 514102-10 a Nee 
MAX Max MIN max | 
Tar 


AC CHARACTERISTICS (Continued) 


Column address hold time reference to ; 
RAS (WRITE CYCLE) DWE 


Column address hold time reference to 
RAS 


Column address to RAS lead time 


Column address hold time reference to t oe 
RAS precharge ay 

Column address hold time reference to 

WE TaAHLW n 


>) 
~J 


Last write to column address delay time tiwap 


W 
vi 


NO => om RO NW _ Oo 
(oa! © un © ui © un 


UW! Nni Ny N >| NIN = NO Ne} = Ui 
OO}, UT nt on Oo} U} © © a) ut © can) 
un 
w wn nw wn nn 7) 


Read command set-up time 


wn 


=) 
wn 
io) 


Read command hold time reference to CS | tec 


Read command hold time reference to 
RAS 


w 
Oo 


Vom af 

2 a 

ak. x # 
NO 7 NOE BRO _ => NO | — wo 
oO; oO] © (a) La (o>) Ww con) VW 


es 

a 
Write command set-up time twes = ns | 10 
Write command pulse width twe p= | 
Write command hold time from RAS twer Es ns 
Write invalid time twi p= | ns 
Write command hold time (Dout disable) | tw p= | ns | 10 
Write command to CS lead time tcw P= | 5 
Write command to RAS lead time tewi | = | 25 | 
CS to WE delay time tcwo fee eee ns | 10 
Column address to WE delay time 40 | - | 40, ns | 10 
RAS to WE delay time } 80 | ns | 10 


Data-in set-up time 

Data-in hold time 

Data-in hold time from RAS 

CS active delay time from RAS precharge 
RAS to CS set-up time (CS before RAS) 
RAS to CS hold time (CS before RAS) 


ot a oF (ona ot 
AIF Iz io ls Sle |e 
mn l|D IA |a ois 
_— — 
oO wn 


CS precharge time (Refresh counter test) 


cP 
oO 
0 
4 


cr 
= 
Ps) 
ae) 


WE to RAS precharge time (CS before 
RAS) 


WE hold time from RAS (CS before RAS) | twry 
RAS to WE set-up time (Test mode) tws 
RAS to WE hold time (Test mode) twur 


P°) 
—_ 
>) 


a MSM514102 
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Notes: 1. 


11. 


12. 


An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CS before RAS 
initialization cycles is required. 


The AC characteristics assume ty = 5.ns. 


Vin (min.) and V;, (max.) are reference levels for measuring of input signals. 
Also, transition times are measured between Vj and Vj. | 


Measured with a load circuit equivalent to 2TTL loads and 100pF. 


Operation within the tacp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcac. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tap. | 


Operation within the ttwap (max.) limit insures that tarw (max.) can be met. 
tLwap (max.) is specified as a reference point only; if tuwap is greater than the 
specified tuwap (max.) limit, then access time is controlled exclusively by tan. 


torr (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 


Either trry or tracy must be satisfied for a read cycle. 


twcs, two, tcwp, trwp and tawp are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only; if twcs2 twcs 
(min.) and twH = twu (min.), the cycle is an early write cycle and the data out will 
remain open circuit (high impedance) throughout the entire cycle; if 
tcwo = tcwpo (min.), tawo 2 trwp (min.) and tawp2tawp (min.), the cycle is 
read/write cycle and data out will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 


The test mode is initiated by performing a WE and CS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal, 
the data output pin will indicate a high level. If any internal bits are not equal, 
then data output pin will indicate a low level. 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CS before RAS 
refresh cycle. : | 


In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 
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READ/WRITE CYCLE 


me IE 
we wi YYZ tty ca LM 


mov valid Data All 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


 - YOR" MM 


AWR 
tew 
t 
si plld twH DHE EH twcs 
eee: (Vig twe Al] 
Vit hd hi s 
tos > ; 


tos to tou 


"WY a XO ill 
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OPEN 
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vis - 
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tase tRaH 
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tRAC aaa taLw 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


= ZR Sunn 3K tl Wd 


ies a a 
a Po 


(READ) | (WRITE) (READ) 


iA "4" or" L" 


RAS ONLY REFRESH CYCLE 


 < Wa = KU 


NOTE:WE, A10 =H" or “L” WA on 
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CS BEFORE RAS AUTO REFRESH CYCLE 


EM SY LMP" 


NOTE:A0 - A10="H" or “L" Ga 
HIDDEN REFRESH READ CYCLE 


tASR 
_—_— > 


- LP = OMA 


twRH 


shinee 
ie sinda 7 KA \ J]V]THHMMé66éb 


it es _ Y ‘ | Valid Data r 
CLZ 
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HIDDEN REFRESH WRITE CYCLE 


aio 


ES ee 


tw twrH 
id 


i ll i) RM 
mM LLP 039 YY YM 


‘ OL ~~ 


jj "4" or "L" 


LMMhhehtbtébttbbd 


i MMMMMmtéMhhhéhbhéMétbbea 


Vono 
aie 


NOTE: AO-A10 ,Diy="H” or “L” VA "A" or "L" 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 
t 


0 M$" __—*¥KZ 
aan , {tee 


twep} | tweH 


WRITE CYCLE 


we " WF G7 ‘IL ral RZ 


A0- _ — ddd” ddd 


Vou — 


Dout _ woe [tae | Ree 
a ip —— 
- * OVID ss = LL 


READ/WRITE CYCLE | E 


e/g ate 
4 [ree 


‘i , gr _— 
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OKI semiconductor 
MSM514400 


1,048,576-WORD x 4-BIT DYNAMIC RAM: FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The MSM514400 is a new generation dynamic RAM organized as 1,048,576 words by 4 bits. 
The technology used to fabricate the MSM514400 is OKI’s CMOS silicon gate process technology. 
The device operates at asingle +5 V power supply. Its I/O pins are TTL compatible. 


FEATURES 


@ Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 


@ 1,048,576 word by 4 bit organization 
@ 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 


@ Family organization 


7 Power Dissipation 
Family Access Time 
(MAX) Operating Standby 
i 
; 5.5 mw 
MSM514400-8A aa5mw | (Mosievel 


® Single +5V supply, + 10% tolerance 


@ Input: TTL compatible 

@ Output: TTL compatible, tristate, nonlatch 

@ Refresh: 1024 cycles/16 ms 

@ CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 


@ Multi bit test mode capability 


@ Built-in Vgg generator circuit 
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PIN CONFIGURATION (TOP VIEW) 
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FUNCTIONAL BLOCK DIAGRAM 
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Generator 
all 


Column 
Address 
Buffers 


Internal Refresh 


Address Control Clock 
Counter 


Row 
Address 
| Buffers 


On chip Ves 


Column 
Decoders 
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Pin Names Function 
AO to AY Address Input 
RAS Row Address Strobe 
CAS Column Address Strobe 
DQ1 to DQ4 | Data Iin/Data Out 


Output Enable 


Write Enable 
Power Supply < +5V> 


Ground <QV> 


Timing 
Generator 


Write 
Clock 
Generator 


1/0 Output 
Selector Buffers 


Input 
Buffers 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS | 
Voltage:on any:pin VT Ta=25°C ~1.0to +7.0 v | 4 
relative to Vss | 

' current 
! temperature 


c | 
Storage temperature Tstg -55to +150 7 


1 


RECOMMENDED OPERATING CONDITIONS 
(Ta=Oto + 70°C) 


Parameter TYP Note 
nasheed vs [oo foo foo |v 
Input high voltage Vin p24 f - | 65 | ov | 2 

ae 


Input low voltage Vit - 1.0 

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 
(Vcc =5VE10%, Ta=Oto + 70°C) 


Parameter Conditions ° 


Guiptiowvotioge | You [tussina | 
OVS VIS 6.5V; 
all other pins 
Input leakage current hy Set gales 
test =0V 
Output leakage | DQ; = disable 
current LO lov<voss.5v 
Average power 
supply current lect 
(Operating) 
Power supply current i me] = | 
jaa ad eal 
Average power RAS cycling, 
supply current lccg. | CAS=Viy 
(RAS only refresh) tac = min 
Power supply current i at 
se We. 
(Standby) DQ; = enable 
Average power eae 
supply current__ RAS cycling, 
(CAS before RAS CC® | CAS before RAS 
refresh) 


Average power RAS = Vit, 
supply current Icc7 | CAS cycling 
(Fast page mode) tpc=min 


SM 
0- 


BE 
a) 
a 


M S 
14400-8 | 514400-8A | 514400-10 


—_ 
ca) 
—_— 
Oo 
| 
ce) 


= 
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‘= ‘= 


m 1 


Oo 
3 


s 3 
> > > > 


Notes: 1. Iccis dependent on output loading and cycle rates. Specified values are obtained 


with the output open. 


2. Address can be changed once or less while RAS = Vj,. 
3. Address can be changed once or less while CAS = Vj. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter 


Input capacitance (A0 to AQ) 


inipet capacitance: 
(RAS, CAS, WE, OE) 


Output capacitance (DQ1 to DQ4) 


Unit | Note 


NO 


1,3 
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AC CHARACTERISTICS 
(Vcc =5V+10%, Ta=Oto +70°C) 


Parameter 


Random read or write cycle time 
Read/write cycle time 

Fast page mode cycle time 

Fast page mode read/write cycle time 
Access time from RAS 

Access time from CAS 

Access time from column address 
Access time from OE 

Access time from CAS precharge 
Output low impedance time from CAS 
Output buffer turn-off delay time 


OE to data output buffer turn-off aaa 
time 


Transition time 

Refresh period 

RAS precharge time 

RAS pulse width 

RAS pulse width (Fast page mode) 
RAS hold time 

RAS hold time reference to OE 
CAS precharge time 

CAS pulse width 

CAS hold time 

CAS to RAS precharge time 

RAS to CAS delay time 

RAS to column address delay time 
Row address set-up time 

Row address hold time 

Column address set-up time 
Column address hold time 
Column address hold time from RAS 


Column address to RAS lead time 
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Note 1, 2,3, 10, 11 
MSM ail 


MSM 
514400-8 ail 8A | 514400-10 
Unit | Note 
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Ay 
= 
qd 
NO 
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Sino 
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(om) 


ct 
a 
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ui 
Sa) 
NO 
>) 
Ul 
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uw 
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Peon [20] - [eo] - [roo] - [ow 
Pew [oT = fo] - [of = [ow 
Paco [2 [oo fas | 55 [25 | 75 [os |: 
Fao [7 [40 [20] 0 [20] so [mf o 
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AC CHARACTERISTICS (Continued) 


Parameter 


Read command set-up time 


=) 
7) 


MSM MSM MSM 
514400-8 | 514400-8A | 514400-10 
nit | Note 


3 
n 
foe) 


Read command hold time 


Read command hold time reference to 


ee < 
o» |x | a 3 
2) aD ay o 
+ |z |e g 


NO — | -— — 
os a) vi} uw 

_ 

1S a 


RAS 

Write command set-up time twcs 

Write command hold time twcH 

Write command pulse width twp = n 
Write command hold time from RAS twer = | n 


OE command hold time 


=) 
ve) 


Write command to CAS lead time 


3 
wn 


© 
jo] S 
s 
> 
~< 
nalajlatla n 
ce) © 


RO- NT NEN | NO 
my; otmsl Oo}] © 


oo 
io) 
= 
[pees 


Write command to RAS lead time 


=) 
n 


oe 

O 

m 

a 

No 
NT NTN = 
ut ot on wn 


Data-in set-up time 


> 
7) 


at 
+] 
ele|z 
moja {s 


Data-in hold time 


Data-in hold time from RAS 


=) 
vA) 


OE to Data-in delay time 


oo | ct 

oO |O 

m fr 

oO |p 
“NJ | Ol] NO = NO 
oO;otlo& Sa i) 


2) Ww 


CAS to WE delay time tcwo 


wn 
<e} 


Column address to WE delay time tawp 
RAS to WE delay time , trwp | 110 ee 


CAS active delay time from RAS 
trec | 10 
precharge 


RAS to CAS set-up time (CAS before RAS) | tcsp 


[tesa | 10 | - | 
RAS to CAS hold time (CAS before RAS) Htcur | 20] - | 20 | 


”n 


>) 
nn 
Oo 


D 


~~) 
7A) 


CAS precharge time (Refresh counter 
test) 


WE to RAS precharge time (CAS before 
RAS) twrp | 10 


WE hold time from RAS (CAS before RAS) | twen 
RAS to WE set-up time (Test mode) 
RAS to WE hold time (Test mode) 


2) 


Ww rn 


Sa NO 
© co) 


=) 
vi) 


=) 
rv, 


NO} | N 
o};}]o}] & 
a) wn 
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Notes: 1. An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 
In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 


2. The AC characteristics assume ty = 5ns. 


| 3. Vin (min.) and Vi, (max.) are reference levels for measuring of input signals. 
Also, transition times are measured between V,,, and Vj,. 


4. Measured with a load circuit equivalent to 2TTL loads and 100pF. 


5. Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcac. 


6. Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tan. 


7. tore (max.) and togz (max.) define the time at which the output achieves the 
open circuit condition and is not referenced to output voltage levels. 


8. Either tary or tracy must be satisfied for a read cycle. 


9. twcs, tcwo, trwp and tawp are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only; if twcs 2 twcs (min.) 
the cycle is an early write cycle and the data out will remain open circuit (high 
impedance) throughout the entire cycle; if tcowp2tcwp (min.), trwp = trwo 
(min.) and tawp=tawp (min.), the cycle is read/write cycle and data out will 
contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 


10. The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 
The test mode specified in this data sheet is 8-bit parallel test function. 
CAO is not used. In a read cycle, if two internal bits on one I/O pin are equal, the 
/O pin will indicate a high level. If internal bits on one I/O pin are not equal, 
then the I/O pin will indicate a low level. 
The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 


11. Inatest mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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READ CYCLE 
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WRTIE CYCLE (OE CONTROL WRITE) 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ/WRITE CYCLE | 
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CAS BEFORE RAS AUTO REFRESH CYCLE 
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HIDDEN REFRESH WRITE CYCLE » 
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OKI semiconductor 
MSM514402 


1,048,576-WORD x 4-BIT DYNAMIC RAM: 
STATIC COLUMN MODE TYPE 


GENERAL DESCRIPTION 


The MSM514402 is a new generation dynamic RAM organized as 1,048,576 words by 4 bits. 
The technology used to fabricate the MSM514402 is OKI’s CMOS silicon gate process technology. 
The device operates at a single +5 V power supply. Its I/O pins are TTL compatible. 


FEATURES 

@ Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell 

@ 1,048,576 word by 4 bit organization 

@ 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 


@ Family organization 


Power Dissipation 
Family Access Time 
(MAX) Standby 


to laa 
MSM514402-8 | 80 ns| 40 ns) 20ns 20 ns | 
MSMS14402-8A | 80 ns| 40 ns| 25ns| 25 ns et 
MSM514402-10 100 ns] 50 ns| 25ns 


@ Single +5Vsupply, + 10% tolerance 

@ Input: TTL compatible 

® Output: TTL compatible, tristate, nontateh 
@ Refresh: 1024 cycles/16 ms 


@ CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 
@ Multi bit test mode capability 


@ Built-in Vgg generator circuit 
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PIN CONFIGURATION (TOP VIEW) 


Pin Names Function 
A0 to AY Address input 
RAS Row Address Strobe 
CS Chip Select Input 
DQ1 to DQ4 Data In/ Data Out 


Output Enable 


Ss 
va) 
= 
ui 
z= 
> 
>) 
NO 
ed 
VN 


SUZOTTLSINSIN 
SZZOPT LSS 


Write Enable 


Power Supply < +5V> 
20 PIN DIP 26 PIN SOSJ 20 PIN ZIP 
Ground <0V> 


* Refresh Address 


FUNCTIONAL BLOCK DIAGRAM 


Timing 
Generator 


Column 
Address Column 


Buffers Decoders Generator 


Internal Refresh ie) Output 


Address Control Clock Sense Amps Selector ed Buffers 
Counter 
DQ1 
Column | 
Address DQ4 
Buffers Memory 
Cells 
Input 
Buffers 


On chip Ves 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin VT Ta=25°C ~1.0to +7.0 V 1 
relative to Vss 
current | | 
Power dissipation | Pp | pW 
temperature 


C 
Storage temperature -55to + 150 1 


RECOMMENDED OPERATING CONDITIONS 
(Ta=Oto + 70°C) 


Parameter | Symbol | MIN TYP MAX Note 
Te [as [so [ss |v 
Supply Voltage oe 


Le 
Input low voltage Vit p-10 f= V 


Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 
(Vec=5V+t10%, Ta=Oto + 70°C) 


Parameter Symbol 


4402-8 eno 8A 


MSM eno 
= 


MSM 
514402-10 
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Output high voltage Von | lou = —5.0mA Veco | Vv 
Supitiomatage [io fursimm 0 Toa fo foe Lo [oe] 


all other pins 
not under 
test=0V 


Inputleakage current | I, 


Output leakage DQ; = disable 


current ILo 
RAS, CS 


Average power RAS, CS 
supply current lec4 
(Operating) 2 


cycling, 
trc min 


Power supply current 
(Standby) 


Average power 
supply current Icc3 
(RAS only refresh) 


Power supply current 
(Standby) 


Average power 

supply current. 

(CS before RAS Icc6 
refresh) 


Average power 
supply current 
(Static Column mode) 


RAS cycling, 
cs = Vin 


RAS cycling, 


OV< VIS 6.5V; 


OV<sVOSS55V 


CS before RAS 


—_ 


3 


3 =| SPS 2 = .< 


3 


Notes: 1. Icc is dependent on output loading and cycle rates. Specified values are obtained 


with the output open. 


2. Address can be changed once or less while RAS = Vj. 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter 


Input capacitance (AO to AQ) 


Input capacitance 


(RAS, CS, WE, OE) 
Output capacitance (DQ1 to DQ4) 


“ 


_ 
NO 


—_— 
NO 


265 


a MSM514402 


AC CHARACTERISTICS 
(Vcc =5Vt10%, Ta=O0to + 70°C) Note 1, 2, 3, 11, 12 


514402-8A | 514402-10 nie Note 
MAX MAX. 


MSM 


Parameter 514402-8 


Random read or write cycle time 


" 


2 
S 3 
(a) o 
° 


ois 
Cel Nees mi N TN NTNIN N 
o1s oO; oOo | oO oO} oj}u ro) 
Sic 


Read/write cycle time trwc | 215 


Static column mode cycle time 


ot 
(7a) 
a) 


Static column mode read/write cycle time | tsrwc 


> 
ww 


nn rn 


Access time from RAS ns | 45,6 


= 
wn 


Access time from CS ns 


Access time from column address 


NS | 4.6,7 


Access time from last write 


- 
NN 


ns 


Access time from OE 


ct 
2) 


ot 
61S leleig le leis |g 
niz IN /[2 {> Ils aA 1a 


NO “Ss — 


Data output enable time reference to WE 


mil _ wn 
& 


Output low impedance time from CS 


Data output hold time reference to 
column address 
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vA) 


rh [7 nr wv [7] nn 
ioe) 


ue] 
oO 


Output buffer turn-off delay time 


ND NOP N | WOT OT] NO 
Vi ory, Ur, OM], OT 


OE to data output buffer turn-off delay 
time — 


ot 


OEZ 


Transition time 
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Refresh period 
RAS precharge time 
RAS pulse width tea 
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oO 
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ou uw N 
21s Oo Ul 
Sis 
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RAS pulse width (Static column mode) tras 
RAS hold time tas 


RAS hold time reference to OF tro 


"n 


CS precharge time 
CS pulse width 
CS hold time tcs 
CS to RAS precharge time 
RAS to CS delay time 


RAS to column address delay time tra 
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N NO NPN? mato 
oO1lo 
”A —rn rn [7 nr —" 
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a; uv 
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mi N oS 
olun oO 
cen] 
So 


Row address set-up time tas 


2) 


Row address hold time tra 
Column address set-up time tas 


Column address hold time 
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wn 
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va) A 


—_ = N NT — NO NO NO 
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oO 
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AC CHARACTERISTICS (Continued) 


Parameter sume = re 8 ae 8A | 514402-10 Wate ENote 
sw | pn 


Column address hold time reference to ; a a 
RAS (WRITE CYCLE) AWR 


Column address to RAS lead time tra | 40 | 40} - | 50] - | 


ae 
Column address hold time reference to 
pa rec = aaececeR 
umn address hold time reference to facie rs] - fas] - fos] = | ne. 
Last write to column address delay time tiwap 7. 
Read command set-up time ftacs {| 0 | - | 0 | - | 0 | - [ns 
Read command hold time ftece | 0 | - {| 0 | - | oO] - [ns 9 
Read command hold time reference to 
ma jm {| = [ro] - [ol - [nls 
Write command set-up time twcs Lop = Of PO. a ns 10 
Write command pulse width twp FS): S| oem tO |e (Tas 
OE command hold time ftoen | 20 | - | 25] - | 25] - | ns | 
Write command hold time from RAS Htwer| 60 | - | 60] - | 75] - | ns | 
Write invalid time twi F190 | - [10] - | 10] - [ns | 
Write command hold time (Doyt disable) | tw Fo} - | o} - fof - | ns] 10 
Write command to CS lead time tcwL 20] - [25] - | 25] - | ns | 
Write command to RAS lead time trwi CSRS SS Eee 
CS to WE delay time tcwo 50} - [55 | - | 60] - | ns | 10 
Column address to WE delay time tawo 70} - | 70] - | 85] - | ns | 10 
RAS to WE delay time trwp | 110 p= fro] - | 135] - | ns) 10 
Data-in set-up time } tps | 0 | Po | - | o |] - | ns] 
Data-in hold time 615} - [20] - [ns 


Data-in hold time from RAS 
OE to Data-in delay time 
CS active delay time from RAS prechage 
RAS to CS Set-up time (CS before RAS) 
RAS to CS hold time (CS before RAS) 
CS precharge time (Refresh counter test) 


WE to RAS precharge time (CS before 
RAS) 


WE hold time from RAS (CS before RAS) | twr 


NO NO 
© © 
NO NO, ma?) eo] N 
>) OoO;o];]o}] © 


NO 
© 
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AC CHARACTERISTICS (Continued) 


RAS to WE set-up time (Test mode) twsr | 10 | 


ome? ee 
RAS to WE hold time (Test mode) twur 20} - | 20} - | 20) 
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Notes: 1. 


11. 


(ap) 


| MSM MSM MSM 
Parameter | Symbol 514402-8 | 514402-8A | 514402-10 | i Note 
ena one 


An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 
before proper device operation is achieved. - 

In case of using internal refresh counter, a minimum of eight CS before RAS 
initialization cycles is required. _ 


— The AC characteristics assume ty = 5 ns. 


Vin (min.) and Vi (max.) are reference levels for measuring of input signals. 
Also, transition times are measured between Vj and Vj. 


Measured with a load circuit equivalent to 2TTL loads and 100pF. 


Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcac. 


Operation within the trap (max.) limit insures that trac (max.) can be met.. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by taa. | 


Operation within the tuwap (max.) limit insures that tarw (max.) can be met. 
tiwap (max.) is specified as a reference point only; if tiwap is greater than the 
specified thwap (max.) limit, then access time is controlled exclusively by Tana. 


torr (max.) and togz (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 


Either trry or tracy must be satisfied for a read cycle. 


twcs, tw, tcwo trwp and tawp are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only; if twcs = twcs 
(min.) and twy 2 twu (min.), the cycle is an early write cycle and the data out 
will remain open circuit (high impedance) throughout the entire cycle; if 
tcwo= tcwo (min.), tawo= tawo (min.) and tawp2 tawp (min.), the cycle is 
read/write cycle and data out will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

The test mode is initiated by performing a WE and CS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

CA0 is not used. In a read cycle, if two internal bits on one I/O pin are equal, the 
/O pin will indicate a high level. If internal bits on one I/O pin are not equal, 
then I/O pin will indicate a low level. X% 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CS before RAS 
refresh cycle. 

In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 
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a» MSM514402 = 


WRITE CYCLE (OE CONTROL WRITE) 
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=» MSM514402 a 


STATIC COLUMN MODE READ CYCLE 
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STATIC COLUMN MODE READ/WRITE CYCLE 
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a MSM514402 a 


RAS ONLY REFRESH CYCLE 
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HIDDEN REFRESH READ CYCLE 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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OKI semiconductor 
MSC 2304YS8/KS8 


262,144 BY 8 BIT DYNAMIC RAM MODULE <Page Mode Type> 


GENERAL DESCRIPTION 


The Oki MSC2304YS8/KS8 is a fully decoded, 262,144 words x 8 bit NUOS dynamic random 
access memory composed of eight 256K DRAMs in plastic leaded chip carrier (MSM41256AJS). The 
mounting of eight PLCCs together with eight 0.2uF decoupling capacitors on a 30 pin glass epoxy 
Single-In-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YS8/KS8 are quite same as the 
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very 
wide. 


FEATURES 
@ 262,144 word X 8 bit Organization Row Access Time; 
@ Single +5V Supply (10% Tolerance) 100ns max. (MSC2304-10YS8/KS8) 
@ 30-Pin Socket Insertable Module 120ns max. (MSC2304-12YS8/KS8) 
@ Refresh Period ... 4ms (256 cycles) 150ns max. (MSC2304-15YS8/KS8) 
@ Alllinputs, Outputs, Clocks Low Power Dissipation; 
Fully TTL compatible 2640mW max. (MSC2304-10YS8/KS8) 
@ 3-States Outputs 2420mW max. (MSC2304-12YS8/KS8) 
@ Common CAS Control for Eight Common 2200mW max. (MSC2304-15YS8/KS8) 
Data-In and Data-Out Lines Operating Temperature ... 0°C to 70°C 
e CAS-before-RAS refresh capability 
FUNCTIONAL BLOCK DIAGRAM oe, Were Ceey 
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= DYNAMIC RAM -MSC2304YS8/KS8 
PIN ASSIGNMENT 


MSC2304YS8 


MSC2304KS8 ee ee SS eS eee 


Rating 


Voitage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss VCC V 
Operating temperature °C 
Storage temperature °C 
Power dissipation ee ee ee W 
Short circuit output current a a mA 


Note: Perrmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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a DYNAMIC RAM -MSC2304YS8/KSS&8 ua 
RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


| Operating 


Parameter Symbo} Min. Typ. Max. Unit temperature 


Supply Voltage a 

0°C to +70°C 
Input High Voltage, 
Input Low Voltage, 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


100ns 120ns 150ns 
Parameter Symbol MODULE MODULE MODULE Unit 


[| Min. | Max.| Min. | Max.| Min.| Max. 
Operating Current* 
Average power supply current lcc1 480 mA 
(RAS, CAS cycling; tac = min.) 
Standby Current 
Power supply current Icc2 mA 
(RAS = CAS = Vip) 
Refresh Current 1 
Average power supply current Icc3 360 | mA 
(RAS cycling, CAS = Viy; tac = min.) 
Page Mode Current* 
Average power supply current Icc4a 320 280 240 | mA 
(RAS = Vi,, CAS cycling; tpc = min.) 
Refresh Current 2 
Average power supply current lccs 360 | mA 
(CAS before RAS; tac = min.) 


Input Leakage Current 

Input leakage current, any input 

(OV < Vin <5.5V, all other LI un 
pins not under test = OV) 

Output Leakage Current 

(Data out is disabled, ILO BA 
OV < VouT < 5.5V) 


Output Levels 

Output high voltage VOH | 2.4 2.4 V 
(loy = -5mA) 

Output low voltage 

(lo. = 4.2mA) VOL y 


Note*: icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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a DYNAMIC RAM -MSC2304YS8/KSS& 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input Capacitance (Ao ~ As) CiIN1 37 | eo pF 
Input Capacitance (RAS, CAS, WE) — CIn2 | 3s | es pF 
| 
| Data Input/Output 


Capacitance measured with Boonton Meter. 
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=» DYNAMIC RAM-MSC2304YS8/KSS = 


AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 


MSC2304-10 | MSC2304-12 eke ee 15 
Parameter Symbol | Unit aa ee ee YS8/KS8 YS8/KS8 Notes 
= CO 
Random read or write 
peceestimeironFAS [imac [ve | | i00| | 20 | | 160 
pecesstimotron@AS |tcne |v | | so] | | 


sero low [elo l ol [ol 
et 
Rites [we [ww] [of pool 
racine [mew [|] le? nl 
eEpumewan [reas [mw | eo [om] eo | vom] 76] Tom 
eREnacine [ese [ow [wo] [aot [vo] 
Ce 
CAS to RAS set-up time ‘ters [ns | 20] | 25) 


Row address set-up t 
time ASR 


Row address hold time tRAH 15 Pas] | is] | 18 | 15 


Column address set-up t 

time ASC 

Column address hold t 20 
time CAH 

Read command set-up ' 

time | ROS 


Read command hold , 
time referenced to CAS RCH 


Write command set-up t 
time wWCS 
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| a DYNAMIC RAM-MSC2304YS8/KSS = 


AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


eee 10 | MSC2304-12 | MSC2304-15 
Buramater Symbot are YS8/KS8 airy Notes 
Write command pulse 
| width 
{ 
| Write command hold . 
Write command to , 45 
RAS lead time RWL 
Write command to t 
CAS lead time CWL 
ae tae tere rte te 
ieee te tote tee 


Refresh set-up time for 

CAS referenced toRAS | 'FCS 
Refresh hold time for 

CAS referenced to RAS | 'FCH 
CAS precharge time 

RAS precharge to 

CAS active time 'RPC 


Page mode cycle 
Page mode CAS 
precharge time tcp ns 
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$$ _____—_#§ —a DYNAMIC RAM-MSC2304YS8/KSSE 8 


Notes: 


1 


2 


An initial pause of 100us is required after power-up followed by any 8 RAS cycles (Example: 
RAS only) before proper device operation is achieved. 

The AC measurements assume ty = 5 ns 

Vity (Min.) and Vi, (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between Vj} and Vj,. 

Assumes that tacp < trop (Max.). If tacp is greater than the maximum recommended 
value shown in this table, trac will increase by the amount that tacp exceeds the value 
shown. 

Assumes that trop 2 tacp (Max.). 

Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

Operation within the tacp (Max.) limit insures that taac (Max.) can be met. tacp (Max.) 
Is specified as a reference point only; If tacp is greater than the specified tacp (Max.) 
limit, then access time is controlled exclusively by tcac. 
Page mode cycle. 
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=» DYNAMIC RAM-MSC2304YS8/KSS = 


READ CYCLE 
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=» DYNAMIC RAM-MSC2304YS8/KSS = 


RAS ONLY REFRESH CYCLE 


NOTE: CAS = Vjz, WE, Dixy = Don’t care 
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= DYNAMIC RAM-MSC2304YS8/KSS = 
HIDDEN REFRESH CYCLE 
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» DYNAMIC RAM-MSC2304YS8/KSS = 
FUNCTIONAL DESCRIPTION 


Simple Timing Requirements: 

The MSC2304 has the circuit considerations for 
easy operational timing requirements for high speed 
access time operations. The MSC2304 can operate 
under the condition of tacp (max) = tcac which 
provides an optimal time space for address minimam 
hold time of Address (tcaH), WE (twcH) and DIN 
(tpH). And the MSC2304 can commit better memory 
system through-put during operations in an inter- 
leaved system. 


Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,144 storage 
cell location within the MSC2304. Nine row- 
address bits are established on the input pins 
(Ao through Ae) and latched with the Row Ad- 
dress Strobe (RAS). Then nine column address 
bits are established on the input pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the falling edge of RAS. CAS is internally inhibit- 
ed (or “gated”) by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row- 
addresses to column-addresses. 
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Write Enable: 
The read or write mode is selected with the 


WE input. A logic “high” on WE dictates read 


mode, logic “low” dictates write mode. Data input 
is disabled when read mode is selected. 


Data Input: 

Data is written into the MSCA2304 during a 
write cycle. The last falling edge of WE or CAS is a 
strobe for the Data In (Dj) register. In a write cycle, if 
WE is brought low (write mode) before CAS, Dyn is 
strobed by CAS, and the set-up and hold times are 
referenced to CAS. 


Data Outout: 

The output buffer is three-state TIL spiniaatibie 
with a fan-out of two standard TTL loads. Data out is 
the same polarity as data in. The output is in a high 
impedance state until CAS is brought “low”. In a 
read cycle, the output is valid after trac from 
transition of RAS when trcp (max) is satisfied, or 
after tcc from transition of CAS when the transition 
occurs after tac¢p (max). Data remain valid until CAS 
is returned to “high”. In a write cycle, the identical 
sequence occurs, but data is not valid. 


Page Mode: 

Page-mode operation permits_strobing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn’t change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 


_ times are decreased because the time normally 


required to strobe a new row-address is elimi- 
nated. 


s DYNAMIC RAM-MSC2304YS8/KSS8 = 


RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A’) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Ao to A) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantia! reduction in power 
dissipation. 


CAS Before RAS Refresh: 

CAS before RAS refreshing available on the 
MSC2304 offers an alternate refresh method. 
lf CAS is held on low for the specified period 
(tecs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 


Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaining latest valid data at the output by ex- 
tending CAS active time from the previous 
memory read cycle. In MSC2304 hidden re- 
fresh means CAS before RAS refresh and the in- 
ternal refresh addresses from the counter are 
used to refresh_addresses, because CAS is 
always low when RAS goes to low ir this mode. 
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= DYNAMIC RAM - MSC2304YS8/KS8 = 


MSC2304YS8 
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3. Contact Pads: Copper Plating 
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4. Surface Coating: Photo Film Resist 
Tin-Lead Solder a 
MSC2304KS8 Bi 
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OKI semiconductor 
MSC2304YS9/KS9 


262,144 BY 9 BIT DYNAMIC RAM MODULE < Page Mode Type > 


GENERAL DESCRIPTION 


The Oki MSC2304YS9/KS$9 is a fully decoded, 262,144 words x 9 bit NNYOS dynamic random 
access memory composed of nine 256K DRAMs in plastic leaded chip carrier (MSM41256AJS). The 
mounting of nine PLCCs together with nine 0.2uF decoupling capacitors on a 30 pin glass epoxy 
Single-In-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YS9/KS9 are quite same as the 
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very 


wide. 

FEATURES @ Separate CAS Control for One Separate Pair 

@ 262,144 word x 9 bit Organization : Se eres Lines 

@ Single +5V Supply (10% Tolerance) iy vee 

@ Refresh Period ... 4ms (256 cycles) 12008 max: (MSC2304-12 ¥S9/KS9) 
Fully TTL compatible @ Low Power Dissipation; 

e 3-States Outputs 2970mW max. (MSC2304-10YS9/KS9) 

© Common CAS Control for Eight Common 2723mW max. (MSC2304-12YS9/KS9) 

@ Operating Temperature ...0°C to 70°C 
e CAS-before-RAS refresh capability 

FUNCTIONAL BLOCK DIAGRAM e Page Mode” capability 


hid 


=| 5 


(a 
oOo m 
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— = DYNAMIC RAM -MSC2304YS9/KS9 = 


PIN ASSIGNMENT 


MSC2304YS9 


MSC2304KS9 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


OOONDNA WH = 


as 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss Vcc V 
Operating temperature °C 
Storage temperature °C 
Power dissipation a W 
es 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Short circuit output current 
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= DYNAMIC RAM -MSC2304YS9/KS9 a 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operating 


Parameter Symbol Min. Typ. ‘Max. Unit ‘perature 


Supply Voltage 
— 00°C to +70°C 
Input High Voltage, 
Input Low Voltage, 
DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


| Operating Current* 
Average power supply current Icc1 540 mA 
(RAS, CAS cycling; tac = min.) : 
Standby Current 
Power supply current mA 
(RAS = CAS = Vip) 
Refresh Current 1 
mA 


Average power supply current 
LA 


(RAS cycling, CAS = Vip; tac = min.) 


Page Mode Current* 
Average power supply current 
(RAS = Vii, CAS cycling; tpc = min.) 


Refresh Current 2 
Average power supply current 
(CAS before RAS; tro = min.) 


Input Leakage Current 

Input leakage current, any input 
(OV < Vin < 5.5V, all other 
pins not under test = OV) 


Output Leakage Current 
(Data out is disabled, 
OV < Vout < 5.5V) 


Output Levels 
Output high voltage 


= = = Q oO Q Q 
fe) C c 
ag 
£ 
i 
Lh 
<< 


(loH = —5mA) 
Output low voltage 
(lo, = 4.2mA) , VOL 


Note”: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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= DYNAMIC RAM -MSC2304YS9/KS9 mg 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input Capacitance (Ao ~ As) pF 
Input Capacitance (RAS, CAS, WE) oe pF 
Data Input/Output 

Input Capacitance (CAS9Q) pF 


Output Capacitance (Q9) CouUT a DF 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAM-MSC2304YS9/KS9 = 


AC CHARACTERISTICS | | 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 


| MSC2304-10 MSC2304-12 MSC2304-15 
Parameter. Symbol. ; Unit YS9/KS9 YS9/KS9 YS9/KS9 Notes 


Pim [wee [in [wee [in [woe | 
roromowics wer [m=] | «| |) | 


| Random read or write t 

| cycle time RC 
pecesstmetom®™S [tac [ve | | 100) | vo | | 160 | ae 
pecesstmotom@™S | too [ve | | 80] | | | 75 | 50 


MD sper fon [feof o [el = 
Tansiontne [mw [m | | | o| »| | oo 
EiSechavetne [tap |r| | | | [vo] 
RiBresine [tman [| | | | || 
FB pucowiah | toas | re | oo [rose] 00 | va] 75 | Tome 
Crracime [sn [re | wo] | wo] | iso] 
RAS iweABacmvine [too |r| 7 | e>| 2] | a6] 7] 7 
CAS to RAS set-up time ‘ters | ns | 20° | ff a8] | go] 


Row address set-up 
time ae 


Row address hold time tran | AH Pas] | as] 


Column address set-up i 
time ASC 
Column address hold 

Read command set-up 

time tRCS 


Read command hold 
time referenced to CAS tRCH 


Write command set-up 
time twcs 
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= DYNAMIC RAM-MSC2304YS9/KS9 = 


AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 


MSC2304-10 | MSC2304-12 | MSC2304-15 
Parameter Symbol | Unit ge YS9/KS9 9% Notes 


Write command pulse { 
width 8 
Write command hold 
time {WCH 
Write command to 
Write command to 

ps | as | Oo | 


Dean setup tn [fet fel 
Sascnnastne [tow [oe | | | | | | 
Refresh set-up time for 

Refresh hold time for 

CAS precharge time ' 

(C before R cycle) CPR 

RAS precharge to ' 

CAS active time RPC 


Page mode cycle 
tine : tpc 100 6 


Page mode CAS 


precharge time tcp ns 40 50 g 
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=» DYNAMIC RAM-MSC2304YS9/KS9 = 


Notes: 


1 


2 


An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


The AC measurements assume ty = 5 ns 


Vix (Min.) and Vi, (Max.) are reference levels for measuring of input signals. Also transi- 
tion times are measured between Vjp and Vj_. 


Assumes that tacp <trRcp (Max.). If taop is greater than the maximum recommended 
value shown in this table, trac will increase by the amount that trcp exceeds the value 
shown. 


Assumes that tpcp 2trcp (Max.). 
Measured with a load circuit equivalent to 2TTL loads and 100 pF. 


Operation within the tacp (Max.) limit insures that trac (Max.) can be met. trop (Max.) 
is specified as a reference point only; if tacp is greater than the specified trcp (Max.) 
limit, then access time is controlled exclusively by tcac. 


Page mode cycle. 


=» DYNAMIC RAM-MSC2304YS9/KS9 = 


READ CYCLE 


AS 


S 


Addresses 


vin a _sasron KR Kasen MMM 


RCS 


waa we | 
|~+_—_______—trac TOFF 
a ore oo 


VW): Don't Care 


WRITE CYCLE 


AS 


CAS 


Addresses 


tasr] |tRAH tasc tCAH 


| 
ae CLA ilies KR BLITZ 
me MM SS MMMM 


TRWL 


\ IR. WEE 


VoH- 
or OPEN 


VOL” ; 
GZ Oon’t Care 
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= DYNAMIC RAM-MSC2304YS9/KS9 a—@£ @———_—____________—_ 


PAGE MODE READ CYCLE 


ViH - 
VIL - 


at 
A tCSH ie ace 


tRC tCAS— tCAS 


—  VIH- 
ViL- 
‘Asc | 


aes! a 
ASC 
sou TONNE ~ jl ZILIA XE KTM 


et CAC 
tRAC 
VOH- 


DouT VoL- 


—. Vip- 
pet Mile 


ZZ"H", “L''=Don't Care 


PAGE MODE WRITE CYCLE 


a, 
RAS ite 


nae tCAS {CAs 


la ce 

cas VIH- 
Vit - ‘pau 
tasc 


tASR pal 
Addresses wo on)» an YUU SS GU sUsbtp35t: el — 


tWCH aaa cries tWCH|}-—= 


orl 
~ LUD. mm “WILL ALLL, 


MN ES CES VS CZ: 


Uyyy"'H"', “L'’ = Don’t Care 
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a DYNAMIC RAM-MSC2304YS9/KS9 = 


— 


AS ONLY REFRESH CYCLE 


NOTE: CAS = Vj, WE, Diy = Don't care 


VIH— 


Be) 
n 


Vitis 


RAH trp 


TASR 


nasceses \"” WOK situa OL 


VOH- 


OPEN 
VOL- 


DouT 


74 Don't Care 


CAS-BEFORE-RAS REFRESH CYCLE 


NOTE: Address, WE, Dixy = Don't care 


tre 
tRP 


tecs || tECH tRPC 


V/7A Don't Care 
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=» DYNAMIC RAM: MSC2304YS9/KS9 = 
HIDDEN REFRESH CYCLE 


VIH— 
Vi 
ters 


cee vit 7 Vttb4, tRAH IN 


tasR Ghee tCAH 


: | 
near Ce MMMMMMMMMMMM 


a tRRH | 


ee Wéela QL 


VOH- 
VoL~ 


Don't Care 
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FUNCTIONAL DESCRIPTION 


Simple Timing Requirements: 

The MSC2304 has the circuit considerations 
for easy operational timing requirements for high 
speed access time operations. The MSC2304 can 
Operate under the condition of trc¢p (max) = 
tcac which provides an optimal time space for 
address multiplexing. In addition, the MSC2304 
has the minimal hold time of Address (tcay), 
WE (twcu) and Din (tpH). And the MSC2304 
can commit better memory system through-put 
during operations in an interleaved system. 


Address Inputs: 

A total of eighteen binary input address bits 
are required to decode any 1 of 262,144 storage 
cell location within the MSC2304. Nine row- 
address bits are established on the input pins (A, 
through A,) and latched with the Row Address 
Strobe (RAS). Then nine column address bits 
are established on the input pins and latched with 
the Column Address Strobe (CAS). All input 
address must be stable on or before the falling edge 
of RAS. CAS is internally inhibited (or ‘‘gated’’) 
by RAS to permit triggering of CAS as soon as the 
Row Address Hold Time (tray) specification has 
been satisfied and the address inputs have been 
changed from row-addresses to column-addresses. 


=» DYNAMIC RAM-MSC2304YS9/KS9 = 


Write Enable: 


The read or write mode is selected with the 


WE input. A logic “high” on WE dictates read 


mode, logic “low” dictates write mode. Data input 
is disabled when read mode is selected. 


Data Input: 


Data is written into the MSC2304 during a 
write cycle. The last falling edge of WE or CAS isa 
strobe for the Data in (DIN) register. In a write 
cycle, if WE is brought “‘low’’ (write mode) before 
CAS, Djn is strobed by CAS, and the set-up and 
hold times are referenced to CAS. 


Data Output: 


The output buffer is three-state TTL compati- 
ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data in. The 
Output is in a high impedance state until CAS is 
brought “low”. In a read cycle, or a read-write 
cycle, the output is valid after trac from transi- 
tion of RAS when trcp (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tacp (max). Data remain valid until 
CAS is returned to “high”. In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permits strobing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera- 
tions in which the row-address doesn’t change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi- 
nated. 
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RAS Only Refresh: 

Refresh of the dynamic memory cells is ac- 
complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A”) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row- 
addresses (Ao to A7) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re- 
fresh results in a substantial reduction in power 
dissipation. 


CAS Before RAS Refresh: 

CAS before RAS refreshing available on the 
MSC2304. offers an alternate refresh method. 
If CAS is held on low for the specified period 
(teCs) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op- 
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto- 
matically incremented in preparation for the next 
CAS before RAS refresh operation. 


Hidden Refresh: 

Hidden refresh cycle may take place while 
maintaining latest valid data at the output by ex- 
tending CAS active time from the previous mem- 
ory read cycle. In MSC2304 hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from the counter are used to refresh 
addresses, because CAS is always low when RAS 
goes to low in this mode. | 
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MSC2304YS9 


slike 82.14 5.0gMAX 


$3.18 
0 Pes 
© |e 
3] a 
™yo 
2.03 
Glass-Epoxy Board 
18 pin PLCC 1. Substrate: GLASS-EPOXY 
2. Through Hole: Copper Plating 
Chip Condenser Followed by Sn/Pb Plating 
3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18m) 
4. Surface Coating: Photo Film Resist 
Tin-Lead Solder we 
eT RCE NS a Re 
MSC2304KS9 88.9 
3.38 82.14 5.0gMAX 
1.27 
+0.13 
ow 
aie 
+1 
Te) 
N 
vo) 


Glass-Epoxy Board 
18 pin PLCC 


Chip Condenser 
Substrate: GLASS-EPOXY 


Through Hole: Copper Plating 
Followed by Sn/Pb Plating 


3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18m!) 


| 4. Surface Coating: Photo Film Resist 
Tin-Lead Solder _~ 


no ——_ 
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= DYNAMIC RAM-MSC2304YS9/KS9 = 
MSC2304YS9/KS9 (SIP/SIM) DERATING CURVE 


ae re Not Allowable 
N aie 


~N 
a Air Flow 


Allowable 


oO 
dew 
~ 
+ 
© 
Yaewe 
oO 
Qa 
£ 
.e) 
on 
_ 
Cc 
® 
2 
E 
o 
a 


4.35MHz (MHz) 
1/trRc, Cycle Rate 
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OKI semiconductor 
MSC2331A-XX YS3/KS3 


262, 144 BY 9 BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2331A-XX YS3/KS3 is a fully decoded, 262,144 words X 9 bit CMOS dynamic random 
access memory composed of two 1 Mb DRAMs in SOJ (MSM514256AJS) and one 256Kb DRAM in 
PLCC (MSM51C256JS). The mounting of two SOJs and one PLCC together with three 0.2 uF 
decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package provides any application where 
high density and large capacity of storage memory are required. The electrical characteristics of the 
MSC2331A-XX YS3/KS3 are quite same as the original MSM514256AJS; each timing requirements 
are noncritical, and power supply tolerance is very wide. 


FEATURES 


262,144 word X 9 bit Organization 

Single +5V Supply (10% Tolerance) 

Refresh Period ... 8ms (512 cycles) 

All Inputs, Outputs, Clocks 

Fully TTL compatible 

e 3-States Outputs 

® Common CAS Control for two Common 
Data-In and Data-Out Lines. 

@ Separate CAS Control for one Separate Pair 

of Data-In and Data-Out Lines. 


FUNCTIONAL BLOCK DIAGRAM 


@ Row Access Time; 
80ns max. (MSC2331A-8A/80 YS3/KS3) 
100ns max. (MSC2331A-1A/10 YS3/KS3) 
@ Low Power Dissipation; 
1155mW max. (MSC2331A-8A/80 YS3/KS3) 
990mW max. (MSC2331A-1A/10YS3/KS3) 
@ Operating Temperature ...O°C to 70°C 


aye) OE 
vcc vss e| 
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@ DYNAMIC RAM - MSC2331A-XX YS3/KS3 & — 


PIN ASSIGNMENT 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


1 
2 
3 
4 
- § 
6 
7 
8 
9 
0) 


—_ 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative toVss V 
Voltage on Vcc Supply relative to Vss VCC V 
Operating temperature °C 
Storage temperature °C 
Power dissipation Pp ff W 

ee 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Short circuit output current 
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# DYNAMIC RAM - MSC2331A-XX YS3/KS3 @ 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Parameter 


Supply Voitage 
| vss | 0 


eniice 
§ 3 
O18 
a 

wn 

ow] a 
o |= 


Input Low Voltage, y 
all inputs IL 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


MSC2331A- | MSC2331A- | MSC2331A- | MSC2331A- 
ere Symbol | SAYS3/KS3 | 1AYS3/KS3 | 80YS3/KS3 | 10YS3/KS3 


(RAS cycling, CAS = ViH: rr =min.) 


Operating Current* 

average power supply Icc1 210 210 180 
(RAS, CAS cycling: tRC = min.) 

power supply current 

Refresh Current 1* 

Avarage power supply current ICc3 210 


Refresh Current 2* 
Average power supply current ICC6 
(CAS before RAS; trc = min.) 


210 180 210 180 


Refresh Current* 
Average power supply current ICC7 
(RAS = Vi_, CAS cyling: tPC =min.) 


160 155 170 155 


No 
— 
© 
— 
OO 
© 


Input Leakage Current 

Input leakage current, any input 
(OV < Vin < 5.5V, all other 
pins not under test = OV) 


= No 
© 


—20 0 | —20 2 


= 


Output Leakage Current 
(Data out is disabled, 
OV < VouT < 5.5V) 


—10 =10) 10° 1:10 —10 


a 
oe) 


No 
© 
| 
No 
© 
© 
| 
No 
© 


Output Levets 
Output high voltage VOH 2.4 
(Io = —5mA) | 
Output low voltage VOL ag 
(lol = 4.2mA) 


| 
>) 
hh 


V 
=z 
0°C to +70°C 
input High Voitage, 
ei 


Operating 
Unit temperature 


Unit 


mA 


mA 
mA 


mA 


mA 


mA 


uA 


pA 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 


output open. 
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# DYNAMIC RAM - MSC2331A-XX YS3/KS3 @ 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter 
Input Capacitance (Ay ~ Ag) 
Input Capacitance (RAS, CAS, WE) 


Data Input/Output 
Capacitance (DQ) 


Input Capacitance (CAS9) 


Input Capacitance (D9) 


Output Capacitance (Q9) 


Capacitance measured with Boonton Meter. 
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Unit 


# DYNAMIC RAM - MSC2331A-XX YS3/KS3 @ 


AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) Note 1, 2,3 


MSC2331A | MSC2331A | MSC2331A} MSC2331A 
Parameter see MIN BA uae KS3 rer (Par even Pre rn Ta Note 


reno gece 
=e Se ees ee 


Fast page mode cycle time 
Access time from RAS tRAC 


Access time from CAS 


> 
> 


Access time from column address 


Oo 
2) 
> 


oO 
> 
O 


Access time from CAS precharge 


Output low impedance time from 
CAS 


Output buffer turn-off delay tor 


A 


a -- 
#. 
ml N 
IW) 
E 
No 
Ey 


Be 
on 
EB 
a 
Oo 
EB 
a 
EB 
) 
alia 
16°) 


Transition time 


SAS poche te SS CSneOeS 
RAS pulse width | tas | 80 |10000} 100 | 10000} 80 10000 100 | 10000) 

ce Se pe pe 
FAS el te ese | 25| — [3] — [a] — [a5] — fo 
Fast ihe aa ede only) A 
CAS pulse width | tcas | 25 | 10000 | 30 | 10000] 10000 25 10000] ns| 

CRS td See eoee 
RAS to CAS delay time 55 25 70 | 25] 60 | 25] 75 |ns 5 
RAS to column address delay time 50 
CAS to RAS precharge time ‘torp | 10] — | 10] — | 10) — | 10 
Row address set-up time tasr | 0] 

Row address hold time tran | 15] — | 15] — | 12} — | 158] — |ns| 
Column address set-up time Htasc| of — | of — | of — | of — |ns 
Column address hold time tcaH | 15} — | 20] — | 15] — | 20] — ns. 


Cun eas hoa tine fon FAS) a | 60] — | 76] — | eo] — | 75| — |rw 
Column address to RAS lead time TRAL | 40] — | 50] — | 40] — | 50] — {ns| 
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| 


@ DYNAMIC RAM - MSC2331A-XX YS3/KS3 @ 
AC CHARACTERISTICS (CONT.) 
| MSC2331A | MSC2331A | MSC2331A | MSC2331A 
‘Papamater Symbol 8A YS3/KS3]1A YS3/KS3] 80 YS3/KS3]10 YS3/KS3 Unit! Note 
| ax) ax aw Ma 
Read command set-up time tRcs Lo} — | p 


pend commande [en] 0] | 0 | o| | 0] — |r| 7 


Write command hold time from RAS twcoR 60. 


Write command set-up time | o| — [ns 
Write command hold time tWCH 


: Write command pulse width twp 
" Data-in set-up time tos | 0) 


Data-in hold time 


Data-in hold time from RAS 


Comal 
O 
aL 
DD 


Read command hold time 
reference to RAS 


RAS to CAS set-up time t 

(CAS before RAS) ia 9] = [ro 
RAS to CAS hold time t 

(CAS before RAS) = | - || - eo] = |r 
CAS active delay from RAS t 


CS ote te wen vo | — [vs — [ro] — [rs] — [ow 


Notes: 1. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


N\ 


~-- 
Be) 
BS) 
ae 
ra 


-- 
0 
al 

a 


2 The AC characteristics assume atty =5ns. 


3 Vit (min.) and Vi (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj,. 


4 Measured with a load circuit equivalent to 2TTL + 100 pF. 


5 Operation within the tacp (max,) limit insures that trac (max.) can be met. tacp (max.) 
is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tcac. | 

6 Operation within the trap (max.) limit insures that tRac (max.) can be met. trap (max.) 
is specified as a reference point only; if trap is greater than the specified tRaD (max.) 
limit, then access time is controlled exclusively by taa. 


7 Either taRH or tRCH must be satisfied for a read cycle. 
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READ CYCLE 
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= DYNAMIC RAM - MSC2331A-XX YS3/KS3 


FAST PAGE MODE READ CYCLE 


'ASR 'RAH 'asc 'CAH 
bo 


LIK ILL, 


'RRH 


'RCH 


ve TTT it, 11 OR 


Vahd 

UM vata p 
OFF 
'cLz 


FAST PAGE MODE CYCLE (EARLY WRITE) 


Tee 


a Oe 
'RAD 


twor 
twos twcH  ‘wcs twoH ‘wos 'WCH 


we Ye EE eh 


tos tow 


INI RN) CB LIU 


tour 


Don't care 
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RAS ONLY REFRESH CYCLE 


GAS Ma 
CAs9 IL 


'ASR tRAH 


nave eT 0m KL. 


i/ 
Don't care 


NOTE: WE =Don't care, AQ = Don’t care 


CAS BEFORE RAS AUTO REFRESH CYCLE 


'RC 
RP 
tRAS 
aera | Pere 
RAS _JH 
Vib aE 
tCPN tCHR 
CAS vil 
CAs9 (IL 
‘OFF 
VOH an 
ba ) OPEN orescence terrane tT 
ag You - 


Don't care 


NOTE: WE =Don't care, AO ~ A9 = Don't care 
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= DYNAMIC RAM - MSC2331A-XX YS3/KS3 a 


HIDDEN REFRESH READ CYCLE 


' tre 
iRAS : inp tRAS 
Vit i 
ICRP taco 'RSH ‘CHR 


'ASR tRAH tasc H 


voce TR Pm SK come, LMM. 


trcs 


=a TL | MMM 
tRAC | | 


‘OrF 
CLZ 
Oon't 


Lory 


ILL LL LLL. 
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MEMO 


# DYNAMIC RAM - MSC2331A-XX YS3/KS3 @ 


MEMO 
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MEMO 


= DYNAMIC RAM -: MSC2331A-XX YS3/KS3 @ | 


MEMO 


OK I semiconductor 
MSC2312A-XX YS9/KS9 


1,048,576 BY 9 BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2312A-XX YS9/KS9' is a fully decoded, 1,048,576 words x 9bit CMOS dynamic random 
access memory composed of nine 1 Mb DRAMs in SOJ (MSM511000AUJS). The mounting of nine SOJs 
together with nine 0.2 «F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2312A-XX YS9/KS9 are quite same as the original MSM511000A 
JS;each timing requirements are noncritical, and power supply tolerance is very wide. 


© 1,048,576 word xX 9 bit Organization @ Separate CAS Control for One Separate Pair 

®@® Single +5V Supply (10% Tolerance) of Data-In and Data-Out Linens 

@ 30-Pin Socket Insertable Module @ Access Time; 

® Refresh Period ...8ms (512 cycles) 80ns max. (MSC2312A-8A/80 YS9/KS9) 

@ Allinputs, Outputs, Clocks 100ns max. (MSC2312A-1A/10 YS9/KS/9) 
Fully TTL compatible @ Low Power Dissipation; 

@ 3-States Outputs 3713mMW max. (MSC2312A-8A/80 YS9/KS9Q) 

® Common CAS Control for Eight Common 3218mMW max. (MSC2312A-1A/10 YS9/KS9) 
Data-In and Data-Out Lines @® Operating Temperature ...0°C to 70°C 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM - MSC2312A-XX YS9/KS9 ® 
PIN ASSIGNMENT 


MSC2312AYS9 


MSC2312AKS9 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


— 
OOMOAN DOA FWHND = 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss Vin, VOUT 


Voltage on Vcc supply relative toVss VCC 


Operating temperature 0 to 70 °C 
Storage temperature °C 
Power dissipation SPD W 


Short circuit output current mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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= DYNAMIC RAM - MSC2312A-XX YS9/KS9 & 
RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Parameter | symbol sind ns 


0°C to +70°C 


all inputs ViH 


input Low Voltage, Vy 
all inputs IL 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
| MSC2312A- |MSC2312A-| MSC2312A-| MSC2312A- 
Daraneier Symba ra rie male KS9 rom ex. vn bax. KS9 Unit 


Operating Current* 


Average power supply current mA 
(RAS, CAS cycling: tac = min.) 

Standby Current* mA 
Power supply current ae 
(RAS = CAS = Vip) mA 
Refresh Current 1° 

Average power supply current mA 


(RAS cycling, CAS = Vip; tac =min.) 
Refresh Current 2" 


Average power supply current Icc6 
(CAS before RAS; tac=min) 


Page Mode Current* 

Average power supply current loc7 495 495 540 495 | mA 
(RAS = Vic, CAS cycling; tpc =min.) 

input Leakage Current 

input leakage current, any input an 
(Data out is disabled, ILo 

OV <VouT < §.5V) 

Output Levels 
Output high voltage VOH — V 
(loH = —SmA) 
Output low voitage VOL 0.4 V 
(lo, = 4.2mA) 


(OV < Vin <5.5V, all other lu 
pins not under test = OV) 

Note’: icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 


Output Leakage Current 
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CAPACITANCE 


(Ta = 25°C, f = 1 MHz) 
Parameter 


Input Capacitance (Ao ~ Ag) 


Input Capacitance (RAS, CAS, E) 


Data Input/Output 
Capacitance (DQ) 


Input Capacitance (CAS9Q) 
Input Capacitance (D9) 


Output Capacitance (QQ) 


Capacitance measured with Boonton Meter. 
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Unit 
pF 


pF 
pF 


pF 
pF 


pF 


= DYNAMIC RAM - MSC2312A-XX YS9/KS9 # 


AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) Note 1,2,3 


MSC2312A | MSC2312A | MSC2312A 

-BAYS9/KSQ | -1AYS9/KS9 | -80YS9/KS9 | -10YS9/KS9 rae Note 
/MIN | MAX /MIN | MAX] MIN] Mn) MAX | MIN | 

Refresh period iin toa Le 

Random read or write cycle time ‘tre [160] — |190} — |160) — |190] — ns) 

Fast page mode cycle time itpc | s5| — | 65] — | 50] — | 55] — |ns| 

Access time from RAS trac | — | 80 | — |100 | — | a0 | — | 100. ns| 4,5,6 

Access time from CAS tcac | — | 25 | — | a0 | — | 20 | — | 25 [ns 4,5 

Access time from column address SS eet 4,6 4 

Access time from CAS precharge cpa | — }— | 50 |—| 50 |—| 45 |—| 5 


Output low impedance time from “en. 
CAS 


Output butter turn-off delay | TOF Sonor a 
Transition time tt _| sf s0 | 3] 6 | 3/60] 3| & |ns| 3 
FAS precharge time el ate : St actetoa 


RAS pulse width tas | 80 | - 80 | 10000 100 | 10000 } 80 | 10000) 100 | 10000 | ns ns 


Se ay Sept np 
FAS hod sw | 25) — [so] — [=| — [as] — fo 
cls Seite 
CAS pulse width toas | +0000 | } 20 | 10000) 20 |10000] | 25 | 10000] ns ns 
ERS hte IS Oe Ce eS 
RAS to CAS delay time taco | 22) 55 | 25] 70 | 25| 60 | 25) 75 |ns| 5 
RAS to column address delay time ns| 6 
CAS to RAS precharge time top | 10} — | 10] — | 10] — | 10] — |ns| 
Row address set-up time ftasn | o| — | of — | 0] — | 0] — |ns| 
Row address hold time tran [15] — [15] — | 12] — | 15| — [ns] 
Column address set-up time jtasc| of — | of — | of — | 0] — |ns 
Column address hold time tcan | 15] — | 20] — | 15} — | 20] — [ns 
Column address hold time from RAS /tan | 60) — | 75| — | 60] — | 75] — |ns 
Column address to RAS lead time trac | 40} — | 50] — | 40] — | 50] — jns| 


Parameter 
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AC CHARACTERISTICS (CONT.) 


pase rere penne -80YS9/KS9 | -10YS9/KS9 Unit) Note 
: MIN MAX MIN 

Read command set-up time tRos ess } of —| of —] of — [ns 
Read command hold time HtacH| of — | of —| of —] of] -. ns| 7 
Write command hold time from RAS | twor| 60] — | 75} — | 60) — | 75] — [ns 
ES oO 
20. 
20. 
sa eS 


Notes: 1. An initial pause of 100 ys is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 The AC characteristics assume att7 =5ns. 

3 Viy (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj_. 

4 Measured with a load circuit equivalent to 2TTL + 100 pF. 

5 Operation within the taco (max.) limit insures that taac (max.) can be met. tacp (max.) 


is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tc ac. 


6 Operation within the trap (max.) limit insures that trac (max.) can be met. tRap (max.) 
is specified as a reference point only; if trap is greater than the specified trap (max.) 
limit, then access time is controlled exclusively by tag. 


7 Either taRH or tRCH must be satisfied for a read cycle. 


i 
n 


= 
JD 
ms) 
a 8 

—_ —. [¢e) —s ok —k me fk 

oO oO io) O oO or a}; o 


Write command set-up time 


5 
NO 
O 


Write command hold time 


= 
= 
a) 
nN 
os) 


Write command pulse width 


Data-in set-up time tps 


a 
O 
x 


Data-in hold time 


-r 
O 
a 
D 


Data-in hold time from RAS 


Read command hold time 
reference to RAS 


RAS. to CAS set-up time 
(CAS before RAS) 


RAS. to CAS hold time 
(CAS before RAS) 


CAS active delay from RAS 
precharge 


O 
on 
D 


~~ 
O 
ale 
D 
(o) 


oO 


[ome ad 
wo) 
U 
QO 
io) 
—_ _— OO — mary — _ ~h 
O (@) (jo) oO (@) Oo on Or 
(e) oO 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAS ONLY REFRESH CYCLE 
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NOTE: WE =Don't care, A9 = Don't care 
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NOTE: WE = Don't care, AO ~ AQ = Don't care 
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HIDDEN REFRESH READ CYCLE 


so Ye = KOK == IIIT 


= 


oa adie : MU 


‘OFF 


“1p 


Dont care 


HIDDEN REFRESH WRITE CYCLE 


330 


OKI semiconductor 
MSC2313A-XX YS8/KS8 


1,048,576 BY 8 BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2313A-XX YS8/KS8 is a fully decoded, 1,048,576 words x 8 bit CMOS dynamic random 
access memory composed of nine 1Mb DRAMs in SOJ (MSM511000AJUS). The mounting of nine SOJs 
together with nine 0.2 «F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2313A-XX YS8/KS8 are quite same as the original MSM511000A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 

@ 1,048,576 word x 8 bit Organization @ Row Access Time; 

@ Single =5V Supply (10% Tolerance) 80ns max. (MSC2313A-8A/80 YS8/KS8) 

@ 30-Pin Socket Insertable Module 100ns max. (MSC2313A-1A/10 YS8/KS8) 

@ Refresh Period ...8ms (512 cycles) ~ @ Low Power Dissipation; 

e Alllnputs, Outputs, Clocks 3300mW max. (MSC2313A-8A/80 YS8/KS8) 
Fully TTL compatible 2860mW max. (MSC2313A-1A/10 YS8/KS8) 

e@ 3-States Outputs @ Operating Temperature ...0°C to 70°C 

@ Common CAS Control for Eight Common 


Data-In and Data-Out Lines 


FUNCTIONAL BLOCK DIAGRAM 
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PIN ASSIGNMENT 


MSC2313AYS8 


MSC2313AKS8 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


ODOOAN OO &WHND — 


—b 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 
Voltage on Vcc supply relative to Vss VCC V 
Operating temperature °C 
Storage temperature a ee 
ee 


Short circuit output current mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operatin 
Pee [oe fee 


0°C to +70°C 
Input High Voltage, 
Input Low Voltage, y 
all inputs iL V 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


MSC2313A-| MSC2313A- | MSG2313A-] MSC2313A- 
paraerce san 5 arm KS8 are KS8 pater KS8 gro KS8 |, 


Operating Current® 
Average power supply current Icc1 
(RAS, CAS cycling: tac = min.) 


Standby Current® 
Power supply current 
(RAS = CAS = Vip) 


REfresh Current 1° 

Average power supply current Icc3 mA 
(RAS cycling, CAS = Vip: tac =min.) : 
Refresh Current 2° 

Average power supply current Iccé6 520 520 | mA 
(CAS before RAS; trc = min) 

Page Mode Current® 

Average power supply current Icc7 440 440 480 | — | 440|mA 
(RAS = Viz, CAS cycling; tpc =min.) 

input Leakage Current 

input leakage current, any input 

(OV < Vin < 5.5V, all other Ll 

pins not under test = OV) 

Output Leakage Current 

(Data out is disabled, ILo pA 
OV <VouT < 5§.5V) 


Output Levels 
Output high voltage Vo 
(lon = —5mA) 
Output low voitage Vo 
(io, = 4.2mA) 


Note*: icc is dependent on output loading and cycle rates. Specified values are obtained with the 
Output open. 


uA 


<= 


tc” 


333 


4 
| 


= DYNAMIC RAM * MSC2313A-XX YS8/KS8 #8 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Typ. p Max Unit 
Input Capacitance (Ao ~ Ag) CiN1 | a7 | wo 
Input Capacitance (RAS, CAS, WE) Cin2 pF 


Data Input/Output 


Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 
(Voc = 5V +10%, Ta =O to +70°C) Note 1,2,3 


ee MSC2313A- 

8AYS8/KS8 | 1AYS8/KS8 ei 10YS8/KS8 ial t| Note 

‘MIN | MAX MIN MAX MIN = 
Refresh period com ee 
Random read or write cycle time notetotet eter 
Fast page mode cycle time ftpc | 55| — | 55| — | 50] — | 55] — |ns| 
Access time from RAS trac | — | 80 | — |100 | — | 80 | — | 100 |ns| 4,5,6 
Access time from CAS | tcac | — | 25 | — | 30 | — | 20 | — | 25 |ns 4,5 
Access time from column address jtaa | —| 40 | —| 50 | —| 40 | — | 60 Ins) 4,6 4 
Access time from CAS precharge 'tcpa | — | 50 | — | 50 | — | 45 | — | 50 |ns 4 


Output low impedance time from toLz 
CAS for "s 


Output buffer turn-off delay torr | 0] 20 | o| 20 | 0| 2 | 0| 2 |ns 
Transition time ‘tr | 3} 50 | 3] 50] 3] 50 | 3] 50 |ns 3 
FAS poche te eto — ffl 
RAS pulse width tras | 80 | } 80 | 10000 |1 10000 | 100 | 10000] 80 | 10000 100 | 10000] ns ns 
hae wees ee cycle only) sm 
RAS hold time tRSH | 25 | | 30] — | 20] — | 25, 25| — | 

(Past ee ee only) fe bet =fel opel fat te 
CRS ue wth Gas | asim 20 mn) 20 or) 2 | ne 
CS od esi | eo] — [eo] — [eo] — [ico] — [ne 
RAS to CAS delay time taco | 22] 55 | 25| 70 | 25] 60 | 25] 75 | ns| 5 
RAS to column address delay time ns 6 
CAS to RAS precharge time }tcrp | 10] — | 10] — | 10] — | 10] — Ins 
Row address set-up time ftask| of — | of — | 0] — | 0] — |ns 
Row address hold time tran | i5| — | 15] — | 12] — | 20] — |ns 
Column address set-up time }tasc | of — | of — | of — | o| — |ns 
Column address hold time |tcan | 15| — | 20] — | 15] — | 25] — |ns 


coun adsense on S| aR | wo] —| 75] — | eo) — | 75] — [ow 
coun asoei 0 FAS eas ne at | 0 — [60] | 0] — |] — [rw 


Parameter 
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AC CHARACTERISTICS (CONT.) 


bean siar 8AYS2 pre 1AYS8/KS8 8OYS8/KSB_ sree Unit! Note 
pe Min | Ax | Many] MAX; ioe 

Read command set-up time Fag ee 

Read command hold time Re EE 7 

Write command hold time from RAS | twor| 60 | — | 75] — | 60| — | 75] — [ns 

Write command set-up time twos] o| — | of — | of —] o| — Ins 

Write command hold time | woH} 15} — | 20; — |1s}| — | 20] — |ns| 

Write command pulse width 


Data-in set-up time tos . Ea 
Data-in hold time 'DH 


Data-in hold time from RAS 'DHR 60 | 


Read command hold time t 
reference to RAS on 10] — 


RAS to CAS set-up time t 

(CAS before RAS) aa 10 
RAS. to CAS hold time - t | 
(CAS before RAS) ae 


CAS active delay from RAS toi 
precharge os j10| — | 10] ~ |10| — |r| 


CS ota te exfie| Ps) 


Notes: 1. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 The AC characteristics assume at ty = 5 ns. 


3 Viz (min.) and Vi (max.).are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vj,. 


4 Measured with a load circuit equivalent to 2TTL + 100 pF. 


N 


5 Operation within the taco (max.) limit insures that tRac (max.) can be met. tacp (max.) - 


is specified as a reference point only: if taco is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tc ac. 


6 Operation within the trap (max.) limit insures that trac (max.) can be met. tRAD (max.) 
is specified as a reference point only; if trap is greater than the specified tRap (max.) 
limit, then access time is controlled exclusively by ta. 


7 Either taRH or tRCH must be satisfied for a read cycle. 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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four 
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RAS ONLY REFRESH CYCLE 


tASR tRAH 


nave eT mm WLLL LLL LLL. 


Don’t care 


NOTE: WE =Don't care, AQ = Don't care 


CAS BEFORE RAS AUTO REFRESH CYCLE 


'RC | 
tRP 
tRAS oes 
Sates TV ee 
RAS ./H 
Vit = 
tCPN tCHR 
awe VIH 
CAS 
Vit — 
lOFF 
VOH =f 
0a —— OPEN 
VoL = 


Don't care 


NOTE: WE =Don't care, AO ~ A9 = Don't care 
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HIDDEN REFRESH READ CYCLE 


vt Dea O = CLMMMUMMMLLLLLLLLLLL. 
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OKI semiconductor 
MSC2320A-XXYS9 


262, 144 BY 36BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2320A-XXYS9 is a fully decoded, 262,144 words X 36 bit CMOS dynamic random 
access memory composed of eight 1 Mb DRAMs in SOJ (MSM514256AJS) and four 256 Kb drams in 
SOJ (MSM51256JS). The mounting of twelve SOJs together with twelve 0.2 uF decoupling capacitors 
on a 30 pin glass epoxy Single-In-Line Package provides any application where high density and large 
capacity of storage memory are required. The electrical characteristics of the MSC2320A-XXYS9 are 
quite same as the original MSM511000AJS; each timing requirements are noncritical, and power 


supply tolerance is very wide. 4 
FEATURES 


@ 262,144 word X 36 bit Organization @ Access Time; 
@ Single +5V Supply ( 5 % Tolerance) 80ns max. (MSC2320A-8A/80 YSQ) 
@ Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2320A-1A/10YS9) 
@ All Inputs, Outputs, Clocks @ Low Power Dissipation; 
Fully TTL compatible 4410mW max. (MSC2320A-8A/80 YSQ) 
@ JEDEC Compatible Dimensioning 3780mW max. (MSC2320A-1A/10YS9) 
@CAS before RAS refresh, RAS only refresh, @ Operating Temperature ...O°C to 70°C 
hidden refresh, and fast page mode capability @ Fast access and cycle times 


FUNCTIONAL BLOCK DIAGRAM 


S 
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PIN ASSIGNMENT 


MSC2320A-XXYS9 


i Oe get alatale 


Pinout Assignments 


Assign aasign Assign Assign Assign 


Cam Lie 


ie Pe a ll ea ee 
fom [wre [me Yess Yoo ss — ss 
(eco ac eae el od oe Ge ee 
ee ae ae oe Ee ne ee 
Be Ea scale el Ga ee ES) 
[11 [nc 23 [oaat fas [wre 47 [we [se [voc [71 [nc - 

[12 [ao [24 [pas [36 [ro [42 [no [eo [baz [72 vss | - | 


Note: Vcc is the source, Vss is ground and NC is no connection. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss Vin, VOUT 


Voltage on Vcc supply relative to Vss VCC 


Operating temperature 0 to 70 °C 
Storage temperature —40 to +125 °C 


Power dissipation oe 12 W 
ee ee 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Short circuit output current 


342 


m= DYNAMIC RAM -: MSC2320A-XXYS9 B 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operatin 
Supply Voltage 


of eb ® 
0°C to +70°C 
Input High Voltage, 
input Low Voltage, 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


MSC2320A- cm MSC2320A- | MSC2320A- | ._. 

pepars aoe Symbol | 8AYS9 cm 80YS9 10ysg_ | -%Unit 
Min. | Max. Min. | | Max. | Min. | | Max. | 

mA 


Standby current 


CAS before RAS refresh 


Operating Current average 
power supply ICC1 
(RAS, CAS Address cycling) 


Standby current power 30 
supply standby current 
RAS only refresh current 720 


(RAS only mode, RAS cycling) 


Fast page mode current 


oe 
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~N 
No 
oO 
e-e) 
aS 
© 


7 mA 
Input leakage current I(L) {-120] 120 |-120! 1 
wl fe 
Risa a 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 


Output leakage current dout 
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CAPACITANCE . 
(Vcc = 5 Volts + 5%, f = 1MHz, Tc = 0 ~ 70°C) 


oe = 
— 
<a 


Ci, Input Capacitance (CASO — RAS3) _ 
CDQ, 1/0 Cap (DOO — DA31) 
CDQ, I/O Cap (MPO — MP3) 


Capacitance measured with Boonton Meter. 
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Electrical Characteristics and Recommended AC Operating Conditions 


tRC__| Randomreadorwritecycletime || 160 | — | 190 | — | 160 | — | 199 | — | ns _ 

tPC Cam ee 
tRAC | AccesstimetromRAS sss | ~— | 80 | — | 100 | — | 80 | — | 100 | as | 2,7 
tcac_|AccesstimetromcaS | — | 25 | — | 30 | — | 20 | — | 2 | ns | 27 
tad _| Access time from Column address | — | 40 | — | so | — | 40 | — | 50 | ns | 28 
(CPA a 2 
tCLZ_| CAS to output in Lo-Z |} —- | o[ —-]| o| es ae ae 
tOFF_ | Output butfer turn-off delay Sie wee Meer Roe Soe Bags 3 
tT___| Transition time (Rise and Fall fe ode SEO 5) = Se) 6 N= eof Oa 8s foo Uns. | i 
tRP__| RAS procharge time | 7 | — | eo | ~ | wm] — | so | — | rs | 
tRAS _| RAS pulse width | 80 | 10000 | 100 | 10,000 | 80 _| 10,000 10,000 
tRASP | RAS pulse width (Fast page mode) | go | 100,000 | 100 | 100,000 | 80 | 100,000 OO 100,000 
tRSH_| RAS hold time | 2 | — | 3 | — | mo] — | we] -— [ns | 
tcSH_| CAS hold time | so | — [| 10 | — | 8 | — | 100 | — | ns | 
acs KES aS 10,000 100000 70000 | ns 
tRCD_| RAS to CAS delay time 7 
tRAD | RAS to column address delay time 0 ns 8 
tcRP | CAS to RAS precharge time ns 

tcp CAS precharge time (Fast page mode) ns 


| 6o | 25 | 
| 40 | 20 | 50 | ns | 
| — | 10 | — | | — | 10 | = | ns | 
[nin WO) oe | p= [| to] = | os | 
taSR_| Row address set-up time ee ee ee p= | of = [ins | 
tRAH__| Row address hold time 2S a he | — | 1 | — | ins | 
tASC __ | Column address set-up time ft Oe i ete alk - et ee a 
tCAH | Column address hold time Oe HG | ee SG ee, -| 15 I Get see He See a 
tAR Column address hold time ref to RAS BO ee He BL Se 6 eee |, Jo] ea ons | 
tRAL_| Column address toRAS leadtime | _ 40 | — | 50 | — | 40 | — | 50 | — | ns | 
tRCS_| Read command set-up | of ~ | of —~ | of ~ | o | — [os | 
tRCH_| Read command hold time PF of - | of —- | of ~ | of — | ms | 4 
tRRH | Read command hold time refer to RAS ree Se eS ease Ss 4 
tWCH | Writecommandholdtime =| 15 | — | 20 | — | 15 | — | 2 | — [| os | 
twor | WritecommandholdtimereftoRAS | 60 | — | 75 | — | eo | — | 75 | — | ns | 
twe | Writecommandpulse wieth | 15 | — | 20 | — | 15 | — | 2 | ~ | ns | 
tRWL | Write commandtoRASteadtime | 20 | — | 26 | — | 20 | — | 2% | — [| ns | 
tcwL | Write commandtoCASleadtime | _20 | — | 25 | — | 20 | — [ 25 | — | ns | 
tps |Daese-uptime =| Co | — | oo | ~ | o | ~ | o| ~ | os | 5 
(DHA | Date holdtime referenced toRAS | 60 | — | 75 | — | 60 | ~ | 75 | — | ns | 
tREF_|Retreshtime S| — | 8 | ~ | 8 | — | 8 | ~ | sf os | 
twos | Writecommandset-uptime ss | =o | — | o | ~ | o | — | o | — | rs | 6 
tCSR_| CAS set-up time (CAS before RAS cycle) | 10 | — | 10 | — | to | — | 10 | — | ns _| 
(CHR | CAS hold time (CAS before RAS cycle) | 30 | — | 30 | — | 30 | — | 30 | ~ | ns | 
wRPC_|RASt0CASprechargetime ss |_ 10 | — | to | — | to | — | 10 | ~— | ns | 
tCpn [CAS prechargertime ss | to. | — | 15 | — | to | ~ | 15 | ~ | ns | 


NOTES: 
1) AC measurements assume tT = 5ns. 


2) Measured with a load equivalent to 2 TTL loads and 100pf. 

3) tOFF (max defines the time at which the output achieves an open circuit condition. 
4) Either tRCH or tRRH must be satisfied for a read cycle. 

5) These parameters are referenced to CAS leading edge. 


6) tWCS is not a restrictive operating parameter. This is included in the data sheet as electrical characteristic only. If tWCS > tWACS 
(min), the cycle is an early write cycle and the data out pun will remain an open circuit (Hi-Z) 


7) Operation within the tRCS (max) limit, insures that tRAC (max) can be met. tRCD (max) is specified as a reference point only: if tRCD 
is greater than the specified tRCD (max) limit, them access time is controlled by tCAC. 


8) Operation within the tRAD (max) limit, insures that tRAC (max) can be met. tRAD (max) is specified as a reference point only: if tRAD 
is greater than the specified tRAD (max) limit, them access time is controlled by tAA. 
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@ FAST PAGE MODE READ CYCLE 
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@ RAS ONLY REFRESH CYCLE 


Z@ Don tcare 


NOTE WE =Dontcare. AQ = Don't care 


Y Don'! care 


NOTE: WE = Don't care. AO ~— AQ = Don't care 
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@ HIDDEN REFRESH READ CYCLE 
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HIDDEN REFRESH WRITE CYCLE 
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OK I semiconductor 
MSC2321A-XXYS18 


524, 288 WORD BY 36 BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2321A-XXYS18 is a fully decoded, 524,288 words X 32 bit CMOS dynamic random 
access memory composed of sixteen 1 Mb DRAMss in SOJ (MSM514256AJS) and eight 256 Kb drams 
in SOJ (MSM51256JS). The mounting of twenty-four SOJs together with twenty-four 0.2 uF 
decoupling capacitors on a 72 pin glass epoxy Single-In-Line Package provides any application where 
high density and large capacity of storage memory are required. The electrical characteristics of the 
MSC2321A-XXYS18 are quite same as the original MSM511000AJS; each timing requirements are 
noncritical, and power supply tolerance is very wide. 


FEATURES 
@ 524,288 word X 36 bit Organization @ Access Time; 
@ Single +5V Supply ( 5 % Tolerance) 80ns max. (MSC2321A-8A/80 YS18) 
@ Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2321A-1A/10YS18) 
@ All Inputs, Outputs, Clocks @ Low Power Dissipation; 
Fully TTL compatible 4568mW max. (MSC2321A-8A/80 YS18) 
@ JEDEC Compatible Dimensions and pinout. 3938mW max. (MSC2321A-1A/10YS18) 


@ CAS before RAS refresh, RAS only refresh, @ Operating Temperature ... O°C to 70°C 
hidden refresh, and fast page mode capability @ Fast access and cycle times 


FUNCTIONAL BLOCK DIAGRAM 


A0-A8 
RAS |__ 
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VSS _ VCC 
| Levee vec 
ez 
AO 
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PIN ASSIGNMENT 


MSC2321A-XXYS18 


Pinout Assignments 


Assign Assign Assign Assign Assign 


fe foare [Lesa [ous [ae [ies fat Joos fos fore Dara 
Fe (ce LL Poe Gl Goa Ge 
ee 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative toVss VIN; VOUT V 
Voltage on Vcc supply relative to Vss VCC V 
Operating temperature °C 
Storage temperature °C 
Power dissipation W 
Short circuit Output Current mA 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Memory Data Book 
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= DYNAMIC RAM - MSC2321A-XXYS18 @ 


PIN ASSIGNMENT 


MSC2321A-XXYS18 


Fc 6 a a 
foo Ye [ae [arf Yoase | [ooo Joos | [- 
fear ef [me [Pease [fae _fe oa [= T= 
fe foae fia [ae] [os [Pass | [ome fae re 
a a ee 
fe foos Yom [oon [a2 [re | Yas | [ooo [ee [ves [ves [00 
fours [oa [5 frase | frase [> [oom [om [Mos [ve [80 
Ce ee eee el ee 
pit [NC {23 [Mp2 [47 [we [89 voc [71 [no [ 
7s a a Oe 


Note: Vcc is source, Vss is ground and NC is no connection. 
TBD = to be determined 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Storage temperature 
. Power dissipation 


Short circuit output current 


Voltage on any pin relative to Vss VIN. VOUT 
Voltage on Vcc supply relative toVss Vcc 


Operating temperature 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
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should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


1 
| 


= DYNAMIC RAM - MSC2321A-XXYS18 & 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operating 


Supply Voltage 


input High Voltage, 


input Low Voltage, 
all inputs VIL 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


MSC2321A- | MSC2321A- | MSC2321A- | MSC2321A- 
Parameter Symbol 8AYS18 1AYS18 80YS18 1OYS18 | Unit 


Operating Current average 
power supply 


(RAS, CAS Address cycling) 


Standby current power 
supply standby current 


RAS only refresh current 
(RAS only mode, RAS cycling) 


Fast page mode current 
Standby current 
co: 
ue 
i 


CAS before RAS refresh 
current 


Input leakage current N(L) uA 
Output leakage current dout 


disagled 1O(L) 


nh 
oO 
ro 
Fr S 
© 
(o) ND NO | [o>] ~ 
. aN o > 3 oS 
3 
> 


Output high level 


< 
Oo 
= 


N 
iN 
3 
Oo 


i) 
ms 
| 


Output low level V 


Y 
is 
| 
N 
p 


Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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= DYNAMIC RAM - MSC2321A-XXYS18 @ 


CAPACITANCE 
(VCC = 5 Volts + 5%, f = 1MHz, Tc = 0 ~ 70°C) 


a 
— 
. 


Cl, Input Capacitance (CASO — CAS3) 
CDQ, I/O Cap (DOO — DQ31) 
4 CDQ, [/O Cap (MPO — MP3) . 


NOTES: 
1) AC measurements assume tT = 5ns. 
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# DYNAMIC RAM - MSC2321A-XXYS18 & 


Electrical Characteristics and Recommended AC Operating Conditions 


| 

ia Parmer eM MEM MO ey 
tRC_| Random read orwrite cyctetime | 160 | — | 190 | — | 160 | ~ | 190 | — | ns_| 
tPC Hesocperoseseyms SB] fy Lp 
RAC | AccesstimetromRAS | ~~ | 80 | — | 100 | ~ | 60 | — 2,7 
tcac | Accesstimetromcas | — | 26 | — | 30 | ~ | 20 | ~ | 25 | ns | 27 
AA | Accesstime rom Column address __ | — | 40 | — | 50 | — | 40 | — | 50 | ms | 28 
tcpa | Accesstime from CAS procharge | — | 60 | ~ | 50 | — | 45 | — | 50 | ns | 2 
sez [CAStoouputintoz sss | — | o | ~ | of ~ | o | ~ [ of ns | 2 
tOFF | Outputbuttertumotfdelay | 9 | 20 | o | 20 | o | 2 | o| 20 | ns | 3 
T___| Transition time(Rise andFat) | 3 | 60 | 3 | so | 3 | so | 3 | 50 | ms | 1 
tRP__|RAS prochargetime | 70 | — | 80 | — | 70 | — | 80 | — | os | 
tras |RASpulse wich =| 80 | 10000 | 100 | 10.000 | 80 | 10.000 | 100 | 10000 | ns _| 
tRASP | RAS pulse width (Fast page mode) _|__80_| 100000 | 100 | 10900 | 80 | 100000 | 100 | ro00w | ns _| 
(RSH |RASholdtime | 25 | — | 30 | — | 20 | — | 26 | — | os | 
tcsH_|CAShodtime Ss | (80 | — | 100 | — [| so | — | 100 | — | ns | 
tcas |CASpulsewith | 25 | 10000 | 30 | 10000 | 20 | 10000 | 25 | 10.00 | ns _| 
tRCD_|RAStoCASdelaytime ss || 25 | 65 | 25 | 70 | 22 | 60 | 25 | 75 | ms | 7 
tRAD | RAStocolumn address delaytime | 20 | 40 | 20 | 60 | 17 | 40 | 20 | 50 | ns | 8 
tcRP_|CASt0RAS prechagetime ss |_ 10 | — {| 10 | — | to | — | 10 | — | ns | 
tcp _|CASprecharge time Fast page mode) | 10 | — | 10 | — | 10 | — | 10 | — | ns | 
tasr |Rowadiresssetuptime ss | ~o | — | o | ~ | o | ~ [ of — | ns | 
tRAH |Rowaddressholdtime | 18 | — | 15 | — | 12 | — | 15 | — | os | 
taSC_|Columnaddresssetuptime | 0 | ~ | o | ~ | o | ~ {| o | — | ns 
(CAH |Columnaddresshodtime | 15 | — | 20 | — | 15 | — | 20 | — |[ ns | 
AR | Column address holdtimereftoRAS | 60 | — | 75 | — | 60 | — | 75 | — | ns | 
tRAL | ColumnaddresstoRASteadtime | 40 | — | so | — | 40 | — | 50 | — | ns_ 
tRcS_|Readcommandseryp ss | =o | — | o | ~ | o | ~ | o | = | ns _ 
tRCH |Readcommandhodtime ss | 9 | ~ | o | ~ | o | ~ | o| ~ | ms | 4 
RAH | Read command holdtimerefertoRAS | 10 | — | 10 | — | 10 | ~ | 10 | ~ | ns | 4 
we |Writecommandhotime | 18 | — | 20] — | 18 | — | 20 | — | re | 
tWCR picwconmacsracimere RES 16) Tf 8 
{we _| Write command pulse width ABs eee Oc Ye [ot | ins 
taWL | Write commandioRASleadtime | 20 | — | 25 | — | 20 | — | 25 | — | ns | 
‘cw [write commando CaS leadtime | 20 | — | 25 | — [| 20 | — | 26 | — | ns | 
19S _| Date set-up time ee ee ae ee ee ee ee ee 
1DH__{ Date hold time ae eee ee eee ee 
tDHR Date hold time referenced to RAS ee 75 ae ee oe ee eo 
sner_| Refresh time a ae eS ee ee ee 
‘wes |Wrtecmmandseuptime | 0] — | o| — | o| — | o]|— |rs| 6 
tcsn_| CAS setup time (CAS betore RAS cycle) |_ 10 | — | 10 | — | 10 | — | 10 | ~ | ns _ 
tCHR | CAS hold time (CAS before RAS cle) | 30 | — | 30 | ~ | 30 | ~ | 30 | — | ns _ 
tRPC_|RASt0CAS prechargetime | 10 | ~ | to | ~ | to | ~ | to | — | ns _| 
tcpn_|CASprechargertime | to | ~ | 15 | — | to | ~ | 15 | ~ | ns | 
NOTES: 


1) 
2) 
3) 
4) 
5) 
6) 


AC measurements assume tT = 5ns. 
Measured with a load equivalent to 2 TTL loads and 100pf. 


Either tRCH or tRRH must be satisfied for a read cycle. 
These parameters are referenced to CAS leading edge. 
tWCS is not a restrictive operating parameter. This is included in th 


tOFF (max defines the time at which the output achieves an open circuit condition. 


« 


e data sheet as electrical characteristic only. If tWCS > tWACS 


(min), the cycle is an early write cycle and the data out pun will remain an open circuit (Hi-Z) 


7) 


8) 


Operation within the tRCS (max) limit, insures that tRAC (max) can be met. tRCD (max) is specified as a reference point only: if tRCD 
is greater than the specified tRCD (max) limit, them access time is controlled by tCAC. 


Operation within the tRAD (max) limit, insures that tRAC (max) can be met. tRAD (max) is specified as a reference point only: if tRAD 


is greater than the specified tRAD (max) limit, them access time is controlled by tAA. 
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= DYNAMIC RAM - MSC2321A-XXYS18 @ 


@ READ CYCLE 


Address Vin 
Vibes 


Don tcare 


Address ‘'4_ 
Vit- 


'WCs| 'WCH | 


=< Zt (TIE 


'oHR 
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@ DYNAMIC RAM - MSC2321A-XXYS18 @ 


@ FAST PAGE MODE READ CYCLE 


Address VI ~ 
Vibes 


on tcare 


ioe | 


‘ASR 'RAH ‘asc ‘CAH = TASC ‘CAH nse | ar 
| : ! | 
nssress 7 om MOK co DK MD = M7. 
Is 9 


res ik tana 

7 a WCH WCS = 2) lac 

= ZIT IT TITLE 
| i | 


los | tow tos || 'DH tos || tow 


8 TTTTTTIM aM mam KOK mm KIT 
9 


'oHR 


| Don't care 


= DYNAMIC RAM - MSC2321A-XXYS18 @ 


| @ RAS ONLY REFRESH CYCLE 


TITTLE ITTL. 


%, 
Dontcare 


NOTE WE =Don'tcare. AQ =Oon't care 


@ CAS BEFORE RAS REFRESH CYCLE 


YY Don't care 


NOTE. WE =Don'tcare. AO ~ AQ = Don't care 
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@ HIDDEN REFRESH READ CYCLE 


'CAH 


LULL LLL LLL LLLL LY 


wt] 
| LLLLLLLLLLLLLLLLLLL LL. 


OX 


Don't Care 


@® HIDDEN REFRESH WRITE CYCLE 


359 


OKI semiconductor 
MSC2328A-XX YS2/KS2 


262,144 BY 8 BIT DYNAMIC RAM MODULE 


GENERAL DESCRIPTION 


The Oki MSC2328A-XX YS2/KS2 is a fully decoded, 262,144 words 8 bit CMOS dynamic random 
access memory composed of two 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of two SOJUs 
together with two 0.2 1 F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro- 
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2328A-XX YS2/KS2are quite same as the original MSM514256A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 

@ 262,144 word x 8 bit Organization @ Row Access Time; 

@ Single =5V Supply (10% Tolerance) 80ns max. (MSC2328A-8A/80 YS2/KS2) 

@ 30-Pin Socket Insertable Module 100ns max. (MSC2328A-1A/10 YS2/KS2) 

e@ Refresh Period ...8ms (512 cycles) @ Low Power Dissipation: 

e@ Allinputs, Outputs, Clocks 825mW max. (MSC2328A-8A/80 YS2/KS2) 
Fully TTL compatible 715mW max. (MSC2328A-1A/10 YS2/KS2) 

@ 3-States Outputs @ Operating Temperature ...0°C to 70°C 


Common CAS Control for two Common 
Data-In and Data-Out Lines 


FUNCTIONAL BLOCK DIAGRAM 
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= DYNAMIC RAM >MSC2328A- XX'YS2/KS2 = 


PIN ASSIGNMENT 


PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


— 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Voltage on any pin relative to Vss V 

Voltage on Vcc supply relative to Vss Vcc V 

Operating temperature °C 

Storage temperature re a ee 

Power dissipation em fk W 
es 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Short circuit output current 
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= DYNAMIC RAM *-MSC2328A- XX YS2/KS2 & 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss) 


Operatin 


Supply Voltage 
O°C to +70°C 
Input High Voltage, 


input Low Voltage, V 
all inputs IL ¥ 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
| MSC2328A-] MSC2328A-|MSC2328A-4 MSC2328A- 
Dacameter Symbol | 8AYS2/ KS2 oar KS2 |80YS2/ KS2|10YS2/ KS2 | 


Operating Current* 
Average power supply current loci 150 130 | mA 
(RAS, CAS cycling; tac = min.) 


Standby Current® 
Power supply current 
(RAS = CAS = Vit) 


REfresh Current 1* 
Average power supply current 
(RAS cycling, CAS = Vip; tac =min.) 


Refresh Current 2° 
Average power supply current Icoce6 150 150 
(CAS before RAS; tRc = min) 

Page Mode Current® | 
Average power supply current Icc7 120 120 
(RAS = Vi, CAS cycling: tpc =min.) 

input Leakage Current | 

input leakage current, any input 

(OV <Vin <5.5V, all other Ili | —20| 20})—20} 20|—20]} 20} —20 

pins not under test = OV) | 

Output Leakage Current 

(Data out is disabled, ILO 

OV <VouT < §.5V) 


Output Levels 
Output high voltage 
(loH = —5mA) 
Output low voitage 
(lo, = 4.2mA) 


Note*: icc is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 


A 


= 


A 


as 
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= DYNAMIC RAM »>MSC2328A-XX YS2/KS2 & 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Max. Unit 


Input Capacitance (RAS, CAS, WE) Cino po pF 


Data Input/Output 
Capacitance (DQ) CpQ 20 pF 


Capacitance measured with Boonton Meter. 
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= DYNAMIC RAM *MSC2328A- XX YS2/KS2 & 


AC CHARACTERISTICS 
(Voc = 5V +10%, Ta = 0 to +70°C) Note 1,2,3 


apamieier Symbol 8AYS2/KS2 |_ 1AYS2/ KS2| 80YS2/KS2 pen ere Unit! Note 
CE 
Refresh period trer|—| s|—| 8|—| a | Se 
Random read or write cycle time tre [160] — |190] — |160] — |190] — |ns 
Fast page mode cycle time ‘tpc | 55} — | 55| — | 50] — | 55] — |ns| 
Access time from RAS trac | — | 80 | — [100 | — | 80 | — | 100 Ins} 4,5,6 
Access time from CAS }tcac | — | 25 | — | 30 | — | 20 | — | 25 |ns 45 
Access time from column address ftaa | —| 40 ]—| 50 |—| 40 | —| 50 |ns 4,6 
Access time from CAS precharge 'tcpa | — | 50 | — | 50 | — | 45 | — | 50 |ns 4 


Output low impedance time from 
CAS 


tcLz 
Output buffer turn-off delay toFF 
Tension te [af so | 3s] 3s] 2| = |r| a 
RAS precharge time 
RAS pulse width tRas 


RAS pulse width 
(Fast page mode cycle only) 


RAS hold time 


ome a 
a| B 
tI; 
nN 
AE 
© © 
NO 
3} gs) 
8 | 
©O 


CAS precharge time 
(Fast page mode cycle only) 


o 
© 


CAS pulse width 


g 
> 
ep) 


CAS hold time 


of 
O 
eS) 


RAS to CAS delay time 
RAS to column address delay time 


CAS to RAS precharge time 


or 
O 
2) 
ae 
o/é]a alo 
oh, 
ro) 
a) 
fo) 
os) 


Row address set-up time 


oF Cons lomad -- 
Dirio;|D 
>i ni] Di LY 
rc}; vD; Uv; O 


Row address hold time 


Column address set-up time ftasc{ of — | of — | of —| 0 
Column address hold time tcan | 15] — | 20] — | 15] — | 20] — |ns| 
Column address hold time from RAS /tan | 60] — | 75| — | 60) — | 75| — |ns| 
Column address to RAS lead time trac | 40] — | 50] — | 40] — | 50] — |ns| 


B 
an 
oln = 
ola 
ro) 
fa lal[2ia2jalzizia| 2 [2 
w” ~” 
an 
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= DYNAMIC RAM -MSC2328A- XX YS2/KS2 = 
AC CHARACTERISTICS (CONT.) 


MSC2328A- 
BAYS2/KS2 


Parameter mbol 


op) 
< 
oO 


MSC2328A- | MSC2328A- | MSC2328A- 
-1AYS2/ KS2 | 80YS2/KS2_ | 10YS2/KS2 Unit! Note 
i aM a 


a 
2) 
<,) 


Read command set-up time 


a 
© 
x 


Read command hold time 


“J 


Write command hold time from RAS | ‘wc 


= 
5 
o|D 


Write command set-up time 


“J 
Bel 


Write command hold time 


g 
= 


-- 
O 
ue 
— —_ —_ ak — pare = 
(@) oO (@) oO oO o1 oO oO 
< 
> 
x< 
oO Oo Oo oO oO on oO oO oO o ZF 
=k 
On 
8 
© 
ca 
wo 


= 
= 


Write command pulse width 


o> 
O 
6) 


Data-in set-up time 


Data-in hold time 


oO 
= 
D 


Data-in hold time from RAS 


Read command hold time 
reference to RAS 


RAS to CAS set-up time 
(CAS before RAS) 


RAS to CAS hold time 
(CAS before RAS) 


CAS active delay from RAS 
precharge 


+ + + 
@) ‘?) we) 
= I oP) Be) 
D wo) em 
WO 


— 
Bs) 
UV 
O 


= 
© 
0 
za 


CAS precharge time 


Notes: 1. An initial pause of 100 ys is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 


2 TheAC characteristics assume att7 =Sns. 


3 Vit (min.) and Viz. (max.) are reference levels for measuring of input signals. Also, transi- 
tion times are measured between Vip and Vic. 


4 Measured with a load circuit equivalent to 2TTL + 100 pF. 


5 Operation within the tacp (max) limit insures that trac (max.) can be met. tacp (max.) 
is specified as a reference point only: if tacp is greater than the specified tacp (max.) 
limit, then access time is controlled exclusively by tc ac. 

6 Operation within the trap (max.) limit insures that tRac (max.) can be met. trap (max.) 
is specified as a reference point only; if trap is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by taa. 


7 Either tRRH OrtRCH must be satisfied for a read cycle. 
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= DYNAMIC RAM *MSC2328A- XX|YS2/KS2 = 


READ CYCLE 
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= DYNAMIC RAM -MSC2328A- XX YS2/KS2 @ 


FAST PAGE MODE READ CYCLE 


'RAH 'ASC 


FAST PAGE MODE CYCLE (EARLY WRITE) 


tRASP 'RP 


‘crap 


'ASR ICAH 


aaaress Vie” 777 on Pct KK cK a VILLLL, 


= real oi tWCH Hig 'WCH 


wt TTTTIN TON PY VT 


IIIIIN) MB) ESS) ED MUU 


tour 


<= 


< 


W4 
Don't care 
gi 
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= DYNAMIC RAM *>MSC2328A-XX YS2/KS2 & 


RAS ONLY REFRESH CYCLE 


taSR tRAH 


Ree OR OTL 7, 


i/ 
Don't care 


NOTE: WE =Don'tcare, A9 = Don't care 


CAS BEFORE RAS AUTO REFRESH CYCLE 


'RC 
RP 
'RAS Se ase? ee ae 
V = 
RAS —/H 
VIL = 
tCPN ‘CHR 
Vi ~ 
CAS 
Vit 
OFF 
VOH a 
pa N OPEN 
VOL - 


Don't care 


NOTE: WE =Don't care, AO ~ A9 = Don't care 
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= DYNAMIC RAM *>MSC2328A- XX'YS2/KS2 & 


HIDDEN REFRESH READ CYCLE 


ees! ON: ~ 
Vit - 


ance Des O <= XML LLL 4 


= 


ae mz : UL 


7 Semin 


369 


4 


OKI semiconductor 
MSC2340-XXYS9/KS9 


4,194,304 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 


GENERAL DESCRIPTION 


The Oki MSC2340-XXYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random 
access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs 
together with nine 0.2uF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package provides 
any application where high density and large capacity of storage memory are required. The electrical 
characteristics of the MSC2340-XXYS9/KS9 are quite same as the original MSM514100 JS; each 
timing requirements are noncritical, and power supply tolerance is very wide. 


FEATURES 
@® 4,194,304 word x9 bit organization 
@ 30-Pin Socket Insertable Module 


@® Family organization 


Access Time erate Power Dissipation 
Family (MAX) y 
(MAX) 


(MAX) 
MSC2340-8 YS9/KS9. | 80ns | 40ns | 20ns 4455 mW | 
MSC2340-8A YS9/KS9 | 80ns| 40ns 4455 mW 49.5 mW 
(MOS level) 
MSC2340-10 YS9/KS9 3960 mW 


@ Single +5Vsupply, + 10% tolerance 


@ Input: TTL compatible 
® Output: TTLcompatible, tristate, nonlatch 


@ Refresh: 1024 cycles/16 ms 


@ Common CAS control for eight common Data-in and Data-out lines 


@ Separate CAS control for one separate pair of Data-in and Data-out lines 
® CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 


@ Multi bit test mode capability 
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PIN ASSIGNMENT 


MSC2340-XXYS9 


PIN No. 


OOOnaA MOAWDAD — 


_ 


SO and eel eh hehe ed aka tomd 
Se ee 


MSC2340-XXYS9/KS9 a 
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=» MSC2340-XXYS9/KS9 a 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin Ta=25°C -1.0to+7.0 1 
50 mA 


relative to Vss 


Short circuit output Ta=25°C 
current 


Power dissipation Ta=25°C 1 


Operating 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS 


(Ta=0to + 70°C) 


Parameter Symbol MAX Note 
Supply Voltage 


Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


2. All voltages are referenced to Vss. 


CAPACITANCE 
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(Ta = 25°C, f= 1 MHz) 


Parameter eYP MAX Unit 
Input Capacitance (Ag to Aj) pF 
Input Capacitance (RAS, CAS, WE) pF 
Data Input/Output Capacitance (DQ1 to DQ8) pF 
Input Capacitance (CAS9) pF 
Input Capacitance (D9) pF 
Output Capacitance (Q9) | Cour f| 8 | 15 | pF 


Capacitance measured with Boonton Meter. 


a MSC2340-XXYS9/KS9 = 


DC CHARACTERISTICS 


(Vec=5V+410%, Ta=O0to + 70°C) 
MSC2340-8 IMSC2340-8A|MSC2340-10 
Parameter Symbol| Conditions YS9/KS9 | YS9/ KS Y59/ KS9 Unit 


Output high voltage 


OV<VI<6.5V; 
all other pins 
not under 
test=OV 


Note 


© 
£ 


Input leakage current ly 


hs 
p 


DQ1-8,Q9= 
disable 
OVsVO<5.5V 


Output leakage 
current LO 


Average power 
supply current Icc1 
(Operating) 


Power supply current 
(Standby) CC2 


Average power RAS cycling, 
supply current CAS, CAS9 = Vin 
(RAS only refresh) 


Oo 
i 
3 | 3 [<[<f o_ 


RAS, CAS, CAS9 
cycling, 
tec= min 


RAS =Vin 
CAS, CAS9 

= Vin 
DQ1 = 8, 


TTL 


— 
RO 


| NO 
—_— 

oO _~ 
— 

>) 

| 

oO 

— 

oO 

| 

oO 

3 
> 


pela 
pela 
pela 
3 3 3 
> > 
aE: 


Power supply current CAS, CAS9 = Vi 
(Standby) DQ1-8,Q9 


= enable 


> 


Average power aoe 
supply current _ RAS cycling, 

(CAS before RAS TAS before RAS 
refresh) 


Average power 
supply current 
(Fast page mode) 


CAS, CAS9 
cycling 
tec =min 


> 
—_ 
w 


ets £3 
> 


Notes: 1. Icc is dependent on output loading and cycle rates. Specified values are obtained 
with the output open. 


2. Address can be changed once or less while RAS = Vj,. 
2. Address can be changed once or less while CAS = Vix. 
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AC CHARACTERISTICS | : 
(Vec=5V+10%, Ta=0to +70°C) Note 1, 2, 3, 9, 10 


MSC2340-8 IMSC2340-8AiMSC2340-10 
YS9/KS9 YS9/KS9 YS9/ KSI a 

nit | Note 
an Jax | wn a 


Parameter 


> 
x< 


Random read or write cycle time 


2 
a 3 
Ct) om 
ro 


=) 


Fast page mode cycle time 


ct 
uv 
oO 


E 
Ut 
=) 


Access time from RAS 


RO 

co) 
ea 
ui 


Access time from CAS tcp 


Access time from column address 


Access time from CAS precharge tcp 


») 
nn 


ul wn NO re 
ro) 
5 re 
Bb 
WwW ~ > f 
oO 


a 


Output low impedance time from CAS | tc 


Ss] —_ 
W o>) 
Ul 
> Ui i) > NO 
fo) ) © U1 Ut 


ae 


Output buffer turn-off delay time 


NO 
oO 


NO 
Ei 
“" w wn wn wn Ww 
ae al 
U1 U1 


Transition time 


a 
yi 
© 
nr 


o> 
+ 


Refresh period treF 


FAS pracarge tine Pe fe | = [ol = fol fo 
FAS pve width cas [80 [ro] 60 [ramo] 100 ional os 
RAS pulse width (Fast page mode) trasp | 80 |100,000| 80 |100,000] 100 |100,000] ns 
FaShalaie Pw fae = [as |= [a5 [= [ow 
Chelate con] = [eo] = [rool = [oo 


ct oe c+ 
e) > $ 
a IN | D> > aA 1a 
a|3| 
nlo 


CAS to RAS precharge time tcr 


> 
n 


RAS to CAS delay time trc 


=) 


3 
a ut 


RAS to column address delay time 


Row address set-up time 
tar 


3 
vA) 


— 


7) = — | NT — 
Oo Ut NO NEN | © 


Row address hold time 


Column address set-up time 


3 


Column address hold time tea 
Column address hold time from RAS 


Column address to RAS lead time 


3 
w 


Sa) NS 
© ui 
w w wn w wn ~n 
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Parameter 


Read command set-up time 


Read command hold time 


Read command hold time reference to 


RAS 
Write command set-up time 
Write command hold time 


Write command hold time from RAS 
Write command pulse width 


Write command to RAS lead time 
Write command to CAS lead time 
Data-in set-up time 

Data-in hold time 

Data-in hold time from RAS 


CAS active delay time from RAS 
precharge 


RAS to CAS set-up time (CAS before 
RAS) 


RAS to CAS hold time (CAS before 
RAS) 


CAS precharge time (Refresh counter 
test) 


WE to RAS precharge time (CAS 
before RAS) 


WE hold time from RAS (CAS before 
RAS) 


RAS to WE set-up time (Test mode) 


RAS to WE hold time (Test mode) 


= MSC2340-XXYS9/KS9 a 


AC CHARACTERISTICS (Continued) 


Unit 


MIN | MAX | MIN | MAX 


MSC2340-8 IMSC2340-8A|MSC2340- 10 
YS9/KS9 | YS9/KSI | YS9/KSI 


n 


val (Va) va) 


epee : 

> 

x 
a 


iva) 


=) 
rn 


N Stn a < 
O nw |lo Oo S 
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7) 


=) 


i“a) 


wn 


>) 
nw 


oo 
= 
mo] 
© Sal © © nN Ut © 
= N i) RO ine) 
2) U1 i) Ul Sa! 


=) 
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WY 
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Note 
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» MSC2340-XXYS9/KS9 s 
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Notes: 1. 


An initial pause of 200 ps is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CAS before RAS 
initialization cycles is required. 


The AC characteristics assume ty = 5ns. 


Vin (min.) and Vi, (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between Vj and Vj,. 


Measured with a load circuit equivalent to 2TTL loads and 100pF. 


Operation within the trcp (max.) limit insures that trac (max.) can be met. trcp 
(max.) is specified as a reference point only; if trcp is greater than the specified 
trcp (max.) limit, then access time is controlled exclusively by tcc. 


Operation within the trap (max.) limit insures that trac (max.) can be met. trap 
(max.) is specified as a reference point only; if trap is greater than the specified 
trap (max.) limit, then access time is controlled exclusively by tan. 


torr (max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 


Either trary or tracy Must be satisfied for a read cycle. 


The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 

The test mode specified in this data sheet is 8-bit parallel test function. 

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal, 
the data output pin will indicate a high level. If any internal bits are not equal, 
then data output pin will indicate alow level. 

The test mode is cleared and the memory device returned to its normal 
operational state by performing a RAS only refresh cycle or a CAS before RAS 
refresh cycle. 


In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for the specified value. These parameters should be specified in test mode cycles 
by adding the above value to the specified value in this data sheet. 


= MSC2340-XXYS9/KS9 = 


READ CYCLE 


Vit 
tcsH 
tere trcp tesH tere 
ny, —— 
CASI Vin {RAD AS 
tra | 


wwe t= Mom TI TT TT 


CAS Vin 
CASS Vit 


AO-AIO yp ZA (= OC = iia 


towt 
twee | | 


7 ae ne 


WYA,"W" or "." 
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a MSC2340-XXYS9/KS9 = 


FAST PAGE MODE READ CYCLE 


tasr traH _ tasc 


tcay 


A0-A10 ve x Up {_ton KR [Column Gi; column KY 


trrH 
tres | RC trcH 
<< 


WE MMMM Tet a RA Gi; 


0Q1-8 Voy 
Q9 Vo_ — 


t 
CAS 
tRAL 


toa tasc toa CA 


tasc 


ve LA _20" Go Koes KOR KY 


twer 


twos twc twcg twe ‘wes twcH 


Wey Le Yi 


Vi 


Vou 
Vor — 


WA "" on "L" 
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m@ MSC2340-XXYS9/KS9 


RAS ONLY REFRESH CYCLE 


NOTE: WE,A10="H" or“L” jy "A" or "L" 


CAS BEFORE RAS AUTO REFRESH CYCLE 
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a» MSC2340-XXYS9/KS9 = 


HIDDEN REFRESH READ CYCLE 


tre : 
tras tras 
— Vin 
RAS Vv 
Lo 
tcHR 
tcre 


CAS Vi 

CASI Vin trap _—— 
| TRAL 
t t 


no-aio YH 7 A KA Se KO 


trrH twrp 


cS a 
2 a 


GH), Mor 


HIDDEN REFRESH WRITE CYCLE 


no-ao YT wag i (or as rman 


twrH 


"YY Nails: = a QU. 


ad Taro de Ra 
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a MSC2340-XXYS9/KS9 = 


CAS BEFORE RAS REFRESH COUNTER TEST 


Vex PS ae ee 
tcsr 
CAS9 Vir — 
tasc t 
V 


Oia 


READ CYCLE ae a | ee 
ee ene OPEN | pz Valid Data 
Qa Vo. — ; 4 Q , y 
twrH {| RCS es | | | RRH | 
WRITE CYCLE 
2? vor = i an ae 
= | ce 
Ds memes: aes | snes 
wey YY A MSS OoOWWWW] 


°° 6 _ Wy pp eos WII 


Gy "H" or “L" 


ws MSC2340-XXYS9/KS9 = 


TEST MODE INITIATE CYCLE 


NOTE: A0-A10,D9="H" or “L" Wy "4" or “L" 
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# MSC2340-XXYS9/KS9 s 


MSC2340YS9 


96.52 5.28 MAX. 
3.18 DIA a 88.90 
82.14 
ES NPE I AA ANS DNS ER gO ETT ERIC Cad 
————— 


15.24 
10.16 
6. 
a2 OOO 
+0.15 
2.03 LL 2.54 1.78 | 0.25 MAX ale 1.27 - 0.00 
7.62 L.5R 73.66 2.28 +0.13 
NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR-4) 
2) CONTACT PADS .... Pb/Snor Au PLATING 


3) 4Mx1 DRAM x9 pcs 


MSC2340KS9 
3.18 DIA es co0 4] re 28 MAX. 
30 +] 
a 
27.94 
30 MAX 
15.24 


NR RT RT ON Ree oe he) 


0 TELE ae Tat 1 4 naar | 
7.62 1.5R 2.54 al ie 


+0.1 
2.54 MIN ce eee - 0.05 


SEATING PLANE 


NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR-4) 
2) CONTACT LEAD .... Pb/Sn SOLDER 
3) SEATING PLANE (PAI0.83, PITCH 2.54) 
4) 4Mx1 DRAM x9 pcs 
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He MOS STATIC RAMS 


MSM5165AL 
MSM5188 
MSM51257AL 
MSM51257ALL 
MSM51256 


8,192-Word x 8-Bits RAM (CMOS) ..............2008- 387 
16,384-Word x 4-Bits RAM (CMOS) ................00- 394 
32,768-Word x 8-Bits RAM (CMOS) ...............066- 399 
32,768-Word x 8-Bit CMOS STATIC RAM ............ 406 


32,768-Word x 8-Bits RAM (CMOS) ................48. 413 


OKI semiconductor 
MSM5165AL 


8,192-WORD x 8-BIT CMOS STATIC RAM {E3-S-017-32) 


GENERAL DESCRIPTION 


The MSM5165ALRS/GS is a 8192-word by 8-bit CMOS static RAM featuring 5V power supply operation and direct TTL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnecessary, 
making this device very easy to use. The MSM5165ALRS/GS is also a CMOS silicon gate device which requires very low 
power during standby (standby current of 100uA) when there is no chip selection. 

A byte syStem is adopted, and since there is pin compatibility with standard ultra-violet EPROMs, this device is ideal for use as 
a peripheral memory for microcomputers and data terminal units etc. In addition, CE; CE. and OE signals enable OR ties with 
the output terminals of other chips, thereby facilitating simple memory expansion and bus line control etc. 


FEATURES 
@ Single 5V Supply e Direct TTL Compatible. (Input and Output) 
©0C~ 70°C e 3-State Output 
@ Low Power Dissipation @ Pin Compatible with 
Standby; 0.55 mW MAX 64K EPROM (MSM2764) 
Operation; 330 mW MAX e 28-pin DIP PKG 
@ High Speed (Equal Access and Cycle Time) ® 28-pin FLAT PKG 


100 ~ 150 ns MAX 


CONFIGURATION CONFIGURATION 


(Top View) (Top View) 


Ay~ Ai,  : Address INPUTS A,~ Ai,  : Address INPUTS 
1/0, ~ 1/0, : Data Input/Output 1/0, ~ 1/0, : Data Input/Output 
CE,, CE, : Chip Select CE,,CE, : Chip Select 

WE : Write Enable 

; Output Enable 


WE : Write Enable 
OE ; Output Enable OE 
Vcc. Vsg : Supply Voltage Vec. Vsg : Supply Voitage 
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= STATIC RAM -MSM5165AL 


FUNCTIONAL BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
PS__ISELECT, 32 COLUMNS 


t—] x 8 BLOCK 
LAs 


COLUMN (/O 
CIRCUITS 
COLUMN SELECT 


oOo oO 
Ao Ai: Az A3 Ag 
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TRUTH TABLE 


Mode 


Standby 


Read 


Write 


O 
mile le Kx Ts mH 


, 
: 
‘t 


| 
, - 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 


Power Dissipation 


Value 
-0.3 to 7.0 
-0.3 to Vcc + 0.3 
0 to 70 


= 
oO 

zo) 
S 


= STATIC RAM -MSM5165AL 


1/O Operation 
High Z 


High Z 
DouT 
DIN 


X:Horl 


Unit 


-55 to 150 


RECOMMENDED OPERATING CONDITION 


Parameter 
Supply Voltage 
Data Retention Voltage 


Input Voltage 


Output Load 


° ° 


Conditions 


Respect to GND 


Symbol Min Typ. Max Unit Conditions 
Vcc 4.5 5 | 5.5 V 5V + 10% 
Vss 0 V 
VCCH 2 5 5.5 Vv 

sr ‘ 
V 2.2 | Vcc + 0.3 V 
au ) eS 5V + 10% 
VIL -0.3 0.8 V 
— 7 
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= STATIC RAM - MSM5165AL = 


DC CHARACTERISTICS 
(Vcc = 5V +10%, Tg = O°C to +70°C) 


| MSMB5165AL 65AL 


Paramter Symbol = Unit Test Condition 


Input 

Leakage IL uA VinN=Oto Vcc 

Current 

Output CE, = VjH or CE, = Vi, or 
Leakage ILO uA OE = Vin 

Current Vijo =9to Vcc | 


CE, 2 Vcc - 0.2V, CE, 2 Vcc - 0.2V 
= V 
Iccs 2 pA VIN = 9 to Vcc 
Standby CE, $0.2vV 
Supply Vin= Oto Vcc 


Current aes 

ICcs1 3 mA CE, = Vin, CE, = Vie 
Operating Teyc = Min Cycle, lout =O mA 
Supply ICCA mA 
Current | a5 | Tcoyc = 1 us, lout =O mA 


@) 5165AL-1060 mA 5165AL-12 55 mA ~5165AL-15 50 mA 


AC CHARACTERISTICS 
Test Condition 


Parameter Conditions 
Input Pulse Level Vin=2.4V, Vj,.70.6V 
Input Rise and Fall Times 10 ns 
Input and Output . _ 1.5V 
Timing Reference cevel eo _ 
Output Load C..=100 pF, 1 TTL Gate 


READ CYCLE 
(Vee = SV + 10%, Ta = 0°C to 70°C) 


pe aed: Sia MSM5165AL-15 isi 
Read Cycle Time econ ar 120 image 150 aa ns 
Address Access Time tac ns 
Chip Enable Access Time ns 
Output Enable to Output Valid toe 60 | ns 
oe 


Chip Selection to Output Active: tcx eo ae ns 
Output Hold Time From ; ae 
Address Change OHA 


Output Enable to Output Active et eri 
Output 3-state from Output Disable} toTp | 0 | 35 | 0 | 40 


Output 3-state from Chip Deselection tcTp 


Ns 


ns 


: 
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# STATIC RAM - MSM5165AL 


READ CYCLE 


LLLLLL WQQHRMAA 


tcTpD 


TNL DAE 


mat" Zz 


tcx 


Sr omaarmace> 
<< DATA OUT VALID 1G, 


. A Read occurs during the overlap of a low CE, , a high CE, , a low OE and a high WE. 
. tcx is specified from CE, or CE, whichever occurs last. 

. tcTp is specified from CE, or CE, whichever occurs first. 

. toHa and toTpo are specified by the time when DATA OUT is floating. 


WRITE CYCLE 
(Voc = 5V + 10%, Ta = 0°C to +70°C) 


Item Symbol 


MSM5165AL-10 | MSM5165AL-12 | MSM5165AL-15 
min. [Max [Min [ Max. [ Min. [Max | 0” 


Min. 
Write Cycle Time twc 100 | | 120 Pa 150 id ns 
Address to Write Setup Time tas a 0 a es a ns 
Write Recovery Time twR Peer. deel: | — ns 


Data Setup Time tos | 40] | s0 | | 6] | ns 
Data Hold from Write Time tDpH | of Ee i ns 
Output 3-State from Write | toTtw | 0 | 35 | | 40 | 50 | ns 

Chip Selection to End of Write’ tcw | so | | 10 | {120 | | ns 
Address Valid to End of Write tAW | 00 J 120 Ls ol ns 
Output Active from End of Write tw x epee 5 — ns 
Notes: 1. A Write Cycle occurs during the overlap of a low CE,, ahigh CE, and a low WE. 


1 
2. OE may be both high and low in a Write Cycle. 

3. tas is specified from CE,, CE, or WE, whichever occurs last. 

4. tw isan overlap time of a low CE, , a high CE, and a low WE. 

5. twr, tps and tpy are specified from CE, , CE, or WE, whichever occurs first. 

6. toTw is specified by the time when DATA OUT is floating, not defined by output level. 
7. When I/O pins are Data output mode, don’t force inverse signal to those pins. 
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= STATIC RAM -MSM5165AL 


WRITE CYCLE 


WTILLLLLLLLL 
SRN 


ee a aa! ia ag! 


1/0 (Dyn) 


1/0 (DouT) 


LOW Vcc DATA RETENTION CHARACTERISTICS 


(Ta = O°C to +70°C, unless otherwise noted) 


Parameter Symbol Conditions 


. pen > ly CE,=Vcc - 0.2V, CE, 2Vcc - 0.2V 
Vcc for Data Retention VCCH 2 5.5 V 
CE, =0.2V 
Vcc = 3V, CE,= Vee - 0.2V 
Data Retention Current ICCH 1 uA CE,=Vcc - 0.2V 
Vcc = 3V, CE, 2=0.2V 


CS to Data Retention Time tsu Lo 


*trc : Read Cycle Time 


392 


= STATIC RAM -MSM5165AL 


—— 


CE, CONTROL 


__ STANDBY MODE 


CE, CONTROL 


STANDBY MODE 


CE, S0.2V __ 


CAPACITANCE 
(Ta = 25°C, f = 1MHz) 


Parameter 


Input/Output Capacitance 


Input Capacitance 


Note: This parameter is periodically sampled and not 100% tested. 
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OK IT semiconductor 
MSM5188 


16,384-WORD x 4-BIT HIGH SPEED STATIC CMOS RAM 


GENERAL DESCRIPTION 


The MSM5188RS is a static CMOS RAM organized as 16384 words by 4 bits. It features 5V single power 
supply operation and direct TTL input/output compatibility. Since the circuitry is completely static, external 
clock and refreshing operations are unnecessary which makes this device very easy to use. 

The MSM5188RS is offered in a 22-pin slim package. 


FEATURES 
@ Single 5V supply (+10%) e Access time 
® Completely static operation 45/55/70 ns MAX 
e Operating temperature range Ta =O to 70°C e Direct TTL compatible (Input and output) 
e Low power dissipation @ 3-State output 
Standby .................. 11mW MAX @ 22pin DIP PKG (300 mil width) 
Operation ................ 605 mW MAX 


FUNCTIONAL BLOCK DIAGRAM 


As 

Ace 

A> MEMORY ARRAY 
Ae 512ROWW 
Ao 32 COLUMNS 
Aw O as x 4BLOCK 
At: O + 

Ai O - 9 SHEER 

Ai3. O25 oo 


1/010 > 
1/020 sees INPUT COLUMNI/O 


>. 
030 ieee DATA CIRCUIT 


6 I pil see CONTROL COLUMN SELECT 
/040 Co 


Ao A: Az As Aa 


PinNames Function 
Aoto A113 Address input 
1/0 1to1/O4 Data input/output 
cs Chip Select 
WE Write Enable 


Supply Voltage 
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= STATIC RAM -MSM5188 @ 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage —0.3 to 7.0 V 
Input Voltage VIN —0.3 to 7.0 V 


Power Dissipation PD Ta = 25°C W 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


“H” Input Voltage VIH 


Voc =5V + 10% 


“L” Input Voltage 


ra | [-|-[ » |e 
Output Load 


*When pulse width is equal to or smaller than 20 ns, Vi max = Voc + 1.0V, Vip min =—-1.0V. 


DC CHARACTERISTICS 
(Voc = 5V+10%, Ta =0°C to 70°C) 


Input Leakage Current Vi=OtoVcc im ace LA 


CS= Vin 


“H” Output Voltage lIOH =—-4 mA wal | V 


CS 2 Vcc — 0.2V 

VIN > 0.2VOR 2 mA 
Standby Supply Current a“ 

CS = VIH 

Min cycle, 
Operating Supply Current ICCA pee OmA mks mA 
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! = STATIC RAM -MSM5188 # 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Input Capacitance =OQOV P| oe pF 
-1/O Capacitance Ci/o WO = OV | | 8 |p 


AC CHARACTERISTICS TEST CONDITIONS 


Parameter Conditions 
Input Pulse Level VIH =3.0V, Vip =OV 
Input Rise and Fall Times 5ns 
Input/Output Timing Reference Level 1.5V 
Output Load CL = 30 pF, 1TTL GATE 


READ CYCLE 
(Vcc = 5V+10%, Ta = 0°C to 70°C) 


5188-45 5188-55 5188-70 
Parameter 


Read Cycle Time Tre p45 | | 55 | | mf ns 
Address Access Time TAC fas | | 85 | | 70 | ns 
Chip Select Access Time Too | | 45 | | 8 | | 70 ns 
Chip Selection to Output Active ona ee 9 Wee cd ns 


Output Hold Time from T 
Address Change OHA 
Output 3-state from 

Chip Selection to Power Tt 

up Time PU 

Chip Deselection to Power 


Notes: 1. Read Condition: During the overlap of a low CS and a high WE. 


2. Tcx and ToTp are measured +200 mV from steady state voltage with specified loading 
in Figure 2. 


S 


| 3 
n” 


| 


S) 


| 


S 
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a STATIC RAM-MSM5188 & 


5V 5V 
4800 4800 
DOUT DOUT 
30 pF 5 pF 
2550 255) 
CL | CL Note: CL includes 
scope and jig. 
Figure 1 Output Load Figure 2 Output Load 


WRITE CYCLE 
(Voc =5V+10%, Ta = 0°C to 70°C) 


5188-45 5188-55 5188-70 
Parameter Symbol Unit 
in. ox | win. [wax [ win [won 


Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 
Address to Write Setup Time 
Write Time 


Write Recovery Time 


Data Setup Time 
Data Hold from Write Time Too | 0 | 
Output 3-state from Write Totw] 0] 
Output Active from End of Write Tow | 0” 


Notes: Write condition: During the overlap of alow CS and a low WE. 


1. 

2. Tas is specified from a low CS or a low WE, whichever occurs last after the address is set. 
3. Tw is an overlap time of a low CS and a low WE. __ 

4. Twr, Tps and Tpu are specified from a high CS or a high WE, whichever occurs first. 

5 


. TOTW and Tow are measured +200 mV from steady state voltage with specified loading 
in Figure 2. 


6. When I/O pins are Data output mode, don’t force inverse input signals to those pins. 


READ CYCLE TIMING 1 


TRC 
Ao~ Az pp neice acento 
TAC 
TOHA 


DouT Cae | Valid Data 
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m= STATIC RAM -MSM5188 @ 


READ CYCLE TIMING 2 


DoUT Open | N/e NI | Open 


CX X > Valid Data 


| TPU TPD 
| (qe eee 
Power Supply 50% 50% 
Iss 


WRITE CYCLE TIMING 1 
(WE Control) 


TWC 


OTIS De Sa 


Tow ! 


os “VR KZTIAT LL 


AW 


a a a ae es MB 
- 20 


" A fsceraaee ca 


Totw Tow | 
DOUT Sper 
WRITE CYCLE TIMING 2 
(CS Control) 
Twe 
Ao are A 13 
in 
c$ —ty 
AW Tw TWR 
WE CN RL LS TT TI 
TDH 
DIN DX valabate 


TOTW 
DOUT eee 
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OKI semiconductor 
MSM51257AL 


32,768-WORD x 8-BIT CMOS STATIC RAM 


GENERAL DESCRIPTION 


The MSM51257ALRS/GS is a 32768-word by 8-bit CMOS RAM static RAM featuring 5V power supply operation and 
direct TTL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51257ALRS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 100uA) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 


and bus line control etc. 


FEATURES 
@ Single 5V Supply © Direct TTL Compatible. (Input and Output) 
e0C~ 70°C e 3-State Output 
@ Low Power Dissipation @ 28-pin DIP PKG 
Standby; 0.55 mW MAX © 28-pin FLAT PKG 


Operation; 385 mW MAX 
@ High Speed (Equal Access and Cycle Time) 
85-120 ns MAX 


PIN CONFIGURATION PIN CONFIGURATION 


(Top View) (Top View) 
ALO) ~~ B@vec 


A, ~ : Address INPUTS A,~A,;, |: Address INPUTS 
\/O, ~ : Data Input/Output 1/0, ~ 1/0, : Data Input/Output 
ae 1 pees 1 8 

CS : Chip Select CS : Chip Select 

WE : Write Enable WE : Write Enable 

OE i Output Enable OE ; Output Enable 
Vcc. Vss : Supply Voltage Vcc. Vss : Supply Voltage 
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@ STATIC RAM -MSM51257AL @ 


FUNCTIONAL BLOCK DIAGRAM 


> a 
>a 
4 MEMORY ARRAY 
ts—] ROW 512 ROWS 
Ps _JSELECT 64COLUMNS 

x B BLOCK 


COLUMN 1/O 
CIRCUITS 
COLUMN SELECT 


Ao Ai Ar As Aa Ag 
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= STATIC RAM -MSM51257AL @ 


TRUTH TABLE 


Standby H 4 4 High Z 
Read 


ABSOLUTE MAXIMUM RATINGS 


Rating Value | Unit | Conditions 
Respect to GND 


Input Voltage -0.3 to Vcc + 0.3 


Operating Temperature Topr 


RECOMMENDED OPERATING CONDITION 


ania Piss [fe 
Data Retention Voltage 
& 5V + 10% 


Input Voltage 
pve | 03 | 
CL 
Output Load Hef 
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@ STATIC RAM -MSM51257AL @ 


DC CHARACTERISTICS 
(Voc = BV #10%, Ta = 0°C to +70°C) 


are 257AL 


Paramter Symbol tye. | Mex. | Unit 
Input 
Leakage uA 
Current 
Output 
Leakage uA 
Current: 
Standby ICcs LA 
Supply 
Current 

Iccs1 3 mA 
Operating 
Supply ICCA mA 
Current 


AC CHARACTERISTICS 
Test Condition 


Parameter 


input Pulse Level 


Test Condition 


ViN=Oto Vcc 


CS = ViH or 
OE = Vi 

Vi/o =Oto Vcc 
IOH =-1 MA 
lol =2.1mA 


CS 2 Vcc -0.2V 


ViIN=OtoVcc 


CS = Vip 


MIN CYCLE, Igyt =O mA 


(D 51257AL-85 80 mA 51257AL-10/12 70 mA 


Conditions 


ViH = 2.4V, Vit =0.6V 


Input Rise and Fall Times 


5ns , 


Input and Output 
Timing Reference Level 


1.5V 


Output Load 


READ CYCLE 
(Vee = BV + 10%, Tg = O°C to 70°C) 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Enable Access Time 
Output Enable to Output Valid 


Chip Selection to Output Active 


Output Hold Time From 
Address Change 


Output 3-state from Output Disable 


Output 3-state from Chip 
Deselection 


MSM51257AL-85 


tRC 


tac 
toe 
tcx 
tOHA 


| toto | | 


Output Enable to Output Active eta 
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MSM51257AL-10 


C_=100 pF, 1 TTL Gate 


MSM51257AL-12 
Unit 


ns 


READ CYCLE 


Ao~ Ais 


Tw” 


tRC 


taC——> 


tcTD} 


am | Zz 
PS 


i/O 


tcx 


Somaru 
SAG DATA OUT VALID 77 


Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcTD and toTp are specified by the time when DATA OUT is floating. 


WRITE CYCLE 


(Voc =5Vt 10%, Ta = o°C to +70°C) 


Item 


Write Cycle Time 

Address to Write Setup Time 

Write Time 

Write Recovery Time 

Data Setup Time 

Data Hold from Write Time 

Output 3-State from Write 
"Chip Selection to End of Write 

Address Valid to End of Write 


Output Active from End of Write 


Notes: 


MSM51257AL-85 | MSM51257AL-10 | MSM51257AL-12 


© 

oe) 
je 

nn 


toTW 0 30 

tow | 78 30 | | 100 
tAW 75 90 100 
twx 5 5 = 5 


A Write Cycle occurs during the overlap of a low CS, and a low WE. 


. OE may be both high and low in a Write Cycle. 
. tag is specified from CS or WE, whichever occurs last. 


. tWR, tps and tox, are specified from CS or WE, whichever occurs first. 


. totw is specified by the time when DATA OUT is floating, not defined by output level. 


1, 
2 
3 
4. tw is an overlap time of a low CS, anda low WE. 
5 
6 
7 


. When 1/O pins are Data output mode, don’t force inverse signal to those pins. 


STATIC RAM -MSM51257AL = 


Unit 


Ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 


ns 
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= STATIC RAM -MSM51257AL 


WRITE CYCLE 


GS 
MLLLLILLLL LL 
wa} 


<@—tps tDH—>| 


1/0 (Dyn) DATA IN STABLE x .>—————_ 


twXx 


1/0 (Dour) “ 


LOW Vcc DATA RETENTION CHARACTERISTICS 


(Tg = O°C to +70°C, unless otherwise noted) 


Vcc for Data Retention VCCH 2 fey CS 2Vcc - 0.2V 
Data Retention Current ICCH oe oa Vcc = 3V, CS 2 V¢c - 0.2V 


CS to Data Retention Time of | fas | 


* trac = Read Cycle Time 
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= STATIC RAM -MSM51257AL = 


CS CONTROL 


CAPACITANCE 
(Ta = 25°C, f = 1MHz) 


Note: This parameter is periodically sampled and not 100% tested. 
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OKI semiconductor 
MISM51257ALL 


32,768-WORD x 8-BIT CMOS STATIC RAM 


GENERAL DESCRIPTION 


The MSM 51257ALLRS/GS is a 32768-word by 8-bit CMOS RAM static RAM featuring 5V power supply operation and direct 
TTL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnec- 
essary, making this device very easy to use. The MSM51257ALLRS/GS is also a CMOS silicon gate device which requires very 
low power during standby (standby current of 204A) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion and 
bus line control etc. 


FEATURES 
@ Single 5V Supply ®@ Direct TTL Compatible. (Input and Output) 
©0°C~ 70°C e 3-State Output . 
@ Low Power Dissipation © 28-pin DIP PKG 
Standby; 0.11 mW MAX @ 28-pin FLAT PKG 


Operation; 385 mW MAX 
@ High Speed (Equal Access and Cycle Time) 
85-120 ns MAX 


PIN CONFIGURATION PIN CONFIGURATION 


(Top View) (Top View) 


A,~A,4 : Address INPUTS A,~A,,4 : Address INPUTS 
1/0, ~ 1/0, : Data Input/Output 1/0, ~ 1/0, : Data Input/Output 
CS : Chip Select CS : Chip Select 

WE : Write Enable WE : Write Enable 

OE ; Output Enable OE ; Output Enable 
Vcc, Vss : Supply Voltage Vcc. Vss : Supply Voltage 
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= STATIC RAM - MSM51257ALL » 


FUNCTIONAL BLOCK DIAGRAM 


MEMORY ARRAY 
rs] ROW 512 ROWS 
TS ISELECT 64 COLUMNS 
x 8 BLOCK 


COLUMN 1/0 
CIRCUITS 
COLUMN SELECT 


MRKRKKR KRY YY] 


Ao Ai Az A3 Aa Ag 
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= STATIC RAM - MSM51257ALL ® 


TRUTH TABLE 


Standby »4 Xx High Z 
High Z 


H 
we 
Read 


ABSOLUTE MAXIMUM RATINGS 


Rating Conditions 
Supply Voltage Vcc ~0.3 to 7.0 V 
Respect to GND 


Input Voltage VIN -0.3* to Vcc + 0.3 V 


Operating Temperature 0 to 70 2C 


Storage Temperature -55 to 150 i @ 


* Pulse Width< 30ns : —3.0V MIN 


RECOMMENDED OPERATING CONDITION 


Supply Voltage 


Lanes | 
erates ae ae ae 
eaeieaaed Slleaeed Se en 


* Pulse Width<30ns : —3.0V MIN 
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DC CHARACTERISTICS 
(Voc = 5V +10%, Ts = 0°C to +70°C) 


Cane 


Paramter Symbol 


Input 
Leakage Hey vA 
Current 
Output 
Leakage ILo 1 MA 
Current 
Standby ICCs 20° uA 
Supply 
Current 

Iccs1 3 mA 
Operating 
Supply ICCA mA 
Current 


* Ta=0 to 40°C : 6uA MAX 


AC CHARACTERISTICS 
Test Condition 


Parameter 
input Pulse Level 
Input Rise and Fall Times 


Input and Output 
Timing Reference Level 


Output Load 


READ CYCLE 
(Vee = SV + 10%, Ta = O°C to 70°C) 


MSM51257ALL-85 | MSM51257ALL-10 | MSM51257ALL-12 


= STATIC RAM - MSM51257ALL & | 


Test Condition 


Vin=Oto Vcc 


Cs = ViH or 
OE = Vi 
Vi/o=O0to Vcc 
IOH =-1 MA 
lol =2.1MA 


CS 2 Vcc -0.2V 
Vin=OtoVcc 


= VIH 


MIN CYCLE, Iloyt =O mA 


@ 51257ALL-85 80mA 51257ALL-10/12 70mA 


Conditions 
ViH = 2.4V, Viz = 0.6V 


5ns 
1.5V 


C,=100 pF, 1 TTL Gate 


Parameter Symbol Min. | Max. | Min. | Max. Unit 
Read Cycle Time tRC | as | | oo | | 120 — ns 
Address Access Time tac | | 5 | | 100 | | 120 | ns 
Chip Enable Access Time tco Lt Boe | to |) 920. | ns 
Output Enable to Output Valid | toe | 45 | | so | | 60. ns 
Chip Selection to Output Active tcx Oe AO ns 


Output Hold Time From 
Address Change 


Output 3-state from Chip 
Deselection 


Output Enable to Output Active 


fe 
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= STATIC RAM - MSM51257ALL ® 


READ CYCLE 


Ao~ Ara 


tac] 


a SN | WOW 


ine Shor», 
aN | ear 
oe 
c A omraour vate SS 


Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcTD and toTp are specified by the time when DATA OUT is floating. 


WRITE CYCLE 
(Veg = 5V + 10%, Tg = 0°C to +70°C) 


MSM51257ALL-85 | MSM51257ALL-10 | MSM51257ALL-12 Uni 

= re in. Tito. [min [Max | oin. [max | OT 
wie Gye Tine Twe | =] [io] [wo] | ™ 
addres towrite Setup time | tas | 0 | | 0] | 0] | 7 
Write Tm Tw | {|| || | = 
write Recovery Tine Twa | s | | wo] | 0 : 
Date Setup Time Twos | | | 0 | | o0| : 
Sate Hoistromwrie Time | ton | 0; | 0] | 0] | ms 
chipSeeciontoEnaotwrie | tow | 7 | | 9 | [roo | | 
Address Valid to End of Write tAW a 100 dl ns 
Output Active from End of Write tw x P S| = re ns 


Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. tas is specified from CS or WE, whichever occurs last. 

4. tw is an overlap time of a low CS, and a low WE. 

5. tWR, tDS and tpH are specified from CS or WE, whichever occurs first. 

6. toTw is specified by the time when DATA OUT is floating, not defined by output level. 
7 


. When 1/0 pins are Data output mode, don’t force inverse signal to those pins. 
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——_———————————SESE———— STATIC. RAM =: MSM51257ALL& 


WRITE CYCLE 


\ MLLLLULL LLL Li 
aes ee 


tAW 


* Cw ase at ye 
QA 


——tps tDH—>| 


1/0 (Din) DATA IN STABLE x -—_—_—_— 


twx 


1/0 (Dourt) 


LOW Vcc DATA RETENTION CHARACTERISTICS 


(Tz = O°C to +70°C, unless otherwise noted) 


Vcc for Data Retention VCCH 2 V CS 2Vcc - 0.2V 
Data Retention Current pow | 10* Vcc = 3V, CcS= Vcc - 0.2V 


CS to Data Retention Time tsu 


Operation Recovery Time Die 4 “IRC 


* Ta=0 to 40°C : 3uA MAX 
* TRC : Read Cycle Time 
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| ‘ms STATIC RAM - MSM51257ALL = 
CS CONTROL 


___ STANDBY MODE 


CS 2 Vcc - 0.2V 


CAPACITANCE 
(Ta = 25°C, f = 1MHz) 


Note: This parameter is periodically sampled and not 100% tested. 
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OK I semiconductor 
MSM51256 


32,768-WORD x 8-BIT CMOS STATIC RAM 


GENERAL DESCRIPTION 


The MSM51256RS/GS is a 32768-word by 8-bit CMOS static RAM featuring 5V power supply operation and direct TTL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51256RS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 14A) when there is no chip selection. 

CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 


and bus line control etc. 


FEATURES 
@ Single 5V Supply @ Direct TTL Compatible. (Input and Output) 
@ —40°C ~ 85°C e 3-State Output 
@ Low Power Dissipation @ 28-pin DIP PKG 
Standby; 5.5 uW MAX © 28-pin FLAT PKG 
Operation; 385mW MAX @ 3V operation 
@ High Speed (Equal Access and Cycle Time) 
100/120 ns MAX 


PIN CONFIGURATION PIN CONFIGURATION 


(Top View) (Top View) 
Or 8 ine 


A,~A,, : Address INPUTS A,~A,, : Address INPUTS 
1/0, ~ 1/0, : Data Input/Output 1/0, ~ 1/0, : Data Input/Output 
CS : Chip Select CS : Chip Select 

WE : Write Enable WE : Write Enable 

OE i; Output Enable OE i Output Enable 
Vcc. Vssg : Supply Voltage Vec. Vsg : Supply Voltage 
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= STATIC RAM -MSM51256 o 


FUNCTIONAL BLOCK DIAGRAM 


> aa 

Lx 

= MEMORY ARRAY 
ra] ROW 512 ROWS 
PS__ISELECT 64COLUMNS 
— x 8 BLOCK 
Lo____] 

LA__] 

LA] 


COLUMN 1/0 
CIRCUITS 
COLUMN SELECT 


U O O 
Ao Ai Az As Aa Ag 
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= STATIC RAM -MSM51256 = 


TRUTH TABLE 


Standby H X Xx High Z 
Read ee 


ABSOLUTE MAXIMUM RATINGS 


Rating Conditions 
Respect to GND 
Input Voltage — -0.3 to Ve + 0.3 
Operating Temperature —40 ~ 85 
Storage Temperature -55 to 150 


RECOMMENDED OPERATING CONDITION 


peteoate Symbol | Min. | Typ. | Mex. | Unit | Conditions 
sepayieies | vec | 45 | 5 | 55 | vi | svst0% 


cauniveiase pMid | 22 | Mec # 03) Vv 
V 


Le 
Output Load [Ec aa a ee ae ee 


5V + 10% 
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= STATIC RAM- MSM51256 » 


DC CHARACTERISTICS 
(Voc = 5V £10%, Ts = —40°C to +85°C) 


| MSM51256 

Paramter Feymbel ee Unit Test Condition 
Input 
Leakage Wey uA Vin =Oto Vcc 
Current 
Output CS = Vi or 
Leakage OE = Vip 
Current Vi/0 =O to Vcc 

OC CS = Vcc —0.2V 
Standby ccs ere ee ee Vine Oven 
Supply ae ee Ta = 85°C 
Current poe 
Iccs1 3 mA CS =Vin 

Operating =a MIN CYCLE, loyt =O mA 
Supply ICCA mA 
Current f=1 MHz, ViH=Vcc. VIL=OV, IoyT=OmA 


AC CHARACTERISTICS 
Test Condition 


Parameter 
Input Pulse Level 
Input Rise and Fall Times 


Input and Output 
Timing Reference Level 


Output Load 


READ CYCLE 


(Voc =5V + 10%, Tg = —40°C to +85°C) 


Parameter 


Read Cycle Time 


Address Access Time tac 
Chip Enable Access Time tco 
Output Enable to Output Valid toe 
Chip Selection to Output Active tcx 


Output Hold Time From 
Address Change 


Output 3-state from Output Disable 


Output 3-state from Chip 
Deselection 


Output Enable to Output Active 
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eee MSM51256-10 | MSM51256-12 
ymbo 
_ Min. | Max. | Min. | Max. | 


a 
00" | [130 
Tse | of 
ae 


a0 | 
'tCTD 


- 


Conditions 
Vin = 2.4V, Vip = 0.6V 


5ns 
1.5V 


Ci_=100 pF, 1 TTL Gate 


Unit 


ee 


ns 


= STATIC RAM: MSM51256 = 


READ CYCLE 


tCTD 


SN | ZAZA 
mt" ZZ 


tcx 
fox | SS 
KK DATA OUT VALID >>) 


Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE. 


2. tcTp and toTp are specified by the time when DATA OUT is floating. 


WRITE CYCLE 
(Vee = 5V + 10%, Tz = —40°C to +85°C) 


MSM51256-10 | MSM51256-12 
Item Symbol Unit 


Write Cycle Time fF twe | too | | 120 td ns 
Address to Write Setup Time 0 ek ae ns 
Write Recovery Time ftwa | wf | to} | ns 
Data Setup Time | tps | 40 | 
Data Hold from Write Time eT 


Output 3-State from Write toTw 


Chip Selection to End of Write tcw 90 ttn 100 


Address Valid to End of Write tAW 90 
Output Active from End of Write twx 5 


Notes: 1. A Write Cycle occurs during the overlap of a low CS, and a low WE. 

2. OE may be both high and low in a Write Cycle. 

3. tas is specified from CS or WE, whichever occurs last. 

4. tw is an overlap time of a low CS, anda low WE. 

5. twr, tps and tp are specified from CS or WE, whichever occurs first. 

6. toTw is specified by the time when DATA OUT is floating, not defined by output level. 
7 


. When I/O pins are Data output mode, don’t force inverse signal to those pins. 
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@ STATIC RAM -MSM51256 


WRITE CYCLE 


MLILLNLLLLLL2 


tcw Sg iy 


tos tDH—-> 


\/ Ss 
1/0 (Dyn) DATA IN STABLE —_— 
| a 


twx 


1/0 (DouT) 


CAPACITANCE 
(Ta = 25°C, f = 1MHz) 


Parameter | symbol | Min 
Input/Output Capacitance Cio ee ee, 


Input Capacitance Cin 


Note: This parameter is periodically sampled and not 100% tested. 
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= STATIC RAM -MSM51256 = 


LOW Vcc DATA RETENTION CHARACTERISTICS 
(Ts =—40°C to +85°C, unless otherwise noted) 


Parameter | Symbol | Min. | Typ. | Max. | Unit | Conditions 


Vcc for Data Retention Vcc - 0.2V 


; Vcc = 3V 
Data Retention Current ICCH a 1 BA Ta = 60°C ce = Vcc—0.2V 


* trc = Read Cycle Time 


f 
Q 
Q 
x 
< 
al 
op) 
IN 


CS CONTROL 


_____ STANDBY MODE 


3V OPERATION 


RECOMMENDED OPERATING CONDITION 
(Ta = -10°C to + 60°C) 


ee ee 
Output Load a 


Supply Voltage 
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1 
#5 
i 

1 

1 


= STATIC RAM -MSM51256 = 


3V OPERATION 


DC CHARACTERISTICS 
(Vcc = 3V 410% Ta = -10°C to +60°C) 


MSM51256 
Parameter Symbol 


Input 
Leakage Ny 0.1 
Current 
Output 
Leakage ILO -0.1 
Current 
Voltage 
ef vo | | | 
Supply Iccs 
Current a 
Operating 
Supply ICCA 
Current 
3V OPERATION 
AC CHARACTERISTICS 


Test Condition 


Parameter 
Input Pulse Level 
Input Rise and Fall Times 


Input and Output Timing 
Reference Level 


Output Load 


3V OPERATION 


READ CYCLE 
(Voc = 3V +10% Ta =-10°C to +60°C) 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable to Output Valid 

Chip Selection to Output Active 

Output Hold Time From Address Change 
Output 3-state from Output Disable 
Output 3-state from Chip Deselection 
Output Enable to Output Active 


Unit Test Condition 


Vin =O to Vcc 
CS = ViH or 
0.1 pA OE = Vip 
Vi/Q =O9 to Vec 
mM = 


Conditions 

Vin = Vec ~-0.2V, Vip = 0.2V 

= 20ns 

1.5V 

Ci = 100 pF 

MSM51256 
a 
mc |_| 200 | 1000 | ne 
ee ee 
toc | | 90 | S00 | ne 
vx | 0 | | | 
Fiona | 20 | | | re 
row | | | 0 |e 
Tew | || 200 | 


1. A Read occurs during the overlap of a low CS, alow OE and high WE. 
2. tcTp and toTp are specified by the time when DATA OUT is floating. 


Notes: 
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= STATIC RAM -MSM51256 a 


WRITE CYCLE 
(Vcc = 3V +10% Ta = -10°C to +60°C) 


Parameter Unit 
Write Cycle Time twc / ooo || ns 
Address to Write Setup Time | tas | too |] ns 
Write Recovery Time | twe | 40 | |. ns 
Data Hold from Write Time | ty | so | || ns 
Output 3-state from Write htow | {sd 200 ns 
Chip Selection to End of Write tcw | go | | ns 
Address Valid to End of Write taWw | go ff ns 
Output Active from End of Write twx i ee ar eee ns 


Notes: A Write Cycle occurs during the overlap of a low CS, and a low WE. 
. OE may be both high and low in a Write Cycle. 
. tas is specified from CS or WE, whichever occurs last. 


1. 
2 
3 
4. tw is an overlap time of a low CS, and a low WE. 
5 
6 
7 


. tWR, tDS and toy are specified from CS or WE, whichever occurs first. 
- toTw is specified by the time when DATA OUT is floating, not defined by output level. 
. When 1/O pins are Data output mode, don’t force inverse signal to those pins. 
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[eB MOS MASK ROMS 


MSM3864 
MSM38128A 
MSM38256 
MSM38256A 
MSM53256 
MSM531000 
MSM531001 
MSM534000 
MSM534000A 
MSM534001A 
MSM534002A 


8,192-Word x 8-Bits Mask ROM (NMOS) .............. 425 


16,384-Word x 8-Bits Mask ROM (NMOS) ............. 429 
32,768-Word x 8-Bits Mask ROM (NMOS) ........... .. 433 
32,768-Word x 8-Bits Mask ROM (NMOS) ............. 437 
32,768-Word x 8-Bits Mask ROM (CMOS) ............. 441 
131,072-Word x 8-Bits Mask ROM (CMOS) ............ 445 
131,072-Word x 8-Bits Mask ROM (CMOS) ............ 449 
262,144-Word x 16-Bits Mask ROM (CMOS) ........... 453 
262,144-Word x 16-Bits MASK ROM (CMOS) .......... 458 
524,288-Word x 8-Bits MASK ROM (CMOS) ........... 463 


262,144-Word x 16-Bits or 
524,288-Word x 8-Bits MASK ROM (CMOS) ........... 468 


OK I semiconductor 
MSM3864 


8,192 WORD x 8 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM3864RS is an N-channel silicon gate MOS device MASK ROM with a 8,192 word x 8 bit capacity. It oper- 
ates On a 5V single power supply and the al! inputs and outputs are TTL compatible. The adoption of an asynchro- 
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most 
suitable for use as a large-capacity fixed memory for microcomputers and data terminals. 

As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expansion of memory and bus line control. 


FEATURES 
e@ 5V single power supply e@ Input/output TTL compatible @ Power down mode 
© 8,192 words x 8 bits @ 3-state output © 28-pin DIP 


e@ Access time: 250 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) Memory cell 
Matrix 


81 
decoder 9248 


Address = 


buffer 


Multiplexer 


= isn een 
ae ee 


| outpur utter buffer 


O O O O O 


DD, : D; D4 Ds 0, D> 


Output enable 
Power supply 
Address input 
Data output 
Chip enable 


CST, CS2 : Chip select 

Note: Please specify the OE active 
level and CS active level or 
open in ordering this IC. 
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= MASK ROM -MSM3864 s 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C) 
Power Supply Voltage Vcc -0.5to 7 V Respect to Vg. 
Input Voltage V Respect to Vee 
Output Voltage Vo ~0.5to7 | Y Respect to Veg 
Power Dissipation Pp 1 W 


Per package 


Operating Temperature 0 to 70 


~55 to 150 


° 
QO 


Storage Temperature T stg 


fe 
(eo) 
50 

{eo} 

'@) 


OPERATING CONDITION AND DC CHARACTERISTICS 


Parameter Symbol Measuring Condition Unit 


Power Supply Voltage 


< 
I 


Input Signal Level 


= 
- 


V 
V 
V 


a, ee oe 
re a ETF 
eee 
en oe 
Felten cs eR ee 


cc 
SS 
1IOH = —400 uA 2.4 
Output Signal Level On 
Output Leakage Current Lo 


Input Leakage Current ILI V1 = OV or Vec }-10 | — | 10 | uA 
Vo = OV or Vcc 
Chip not selected 
IccA Vcc = Max. !|Q =OmA 
Power Supply Current eaten weet 
Iccs Vcc = Max. CE=ViyH,|Q=OmMA 


Vcc = GND ~ Vcc Min. 
Reiki mA 
CE = Vee or Vip 


Peak Power ON Current 


ie} 
ne) 
x 


Operating Temperature 


AC CHARACTERISTICS 


TIMING CONDITIONS 


Parameter Conditions 
Input Signal Level ViIH=2.4V, V) _=0.6V 
Input Rising, Falling Time tr=tf= 5ns 


ee Input Voltage=1.5V 
Timing Measuring Point Voltage 
Output Voitage=0.8V & 2.0V 


Loading Condition Cy. =100 pF +1 TTL 
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= MASK ROM -MSM3864 a 


READ CYCLE 
(Vcc = 5V £10%, Vgg = OV, Ta = 0°C to +70°C) 


Specification Value 
Parameter Symbol Unit Remarks 
| Min. | Typ. | Max. 


Cycle Time c 250 


Address Access Time tAA 


Chip Enable 
tACE 
Access Time 
Output Delay Time tco p= | 
Output Setting Time tLz be Os 


Output Disable Time tHz 
Output Retaining Time tOH 


NO 
oO 
(2) 


Power Up Time tPU 


Power Down Time tep 


1) READ CYCLE-1'" 


100 


Address 


CS, CS) OE 
(CS,)°"(CS,) ° (OE) 


2) READ CYCLE-2!2! 


CS; tS oe 8) 
(CS,)°"(cS,)°" (OE) 


current 
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= MASK ROM -MSM3864 a 


Note: (1) CE is‘’L” level. 
(2) The address is decided at the same time as or ahead of CE ‘’L”’ level. 


(3) The OE and CS are shown in the negative logic here, however the active level is freely selected. 


(4) tz is determined by the later level, CE “L''/CS “L" or OE “L”. 
tH is determined by the earlier CE ‘‘H'’/CS ‘'H” or OE “H”’. 


While, tyz shows the time until floating and it is therefore not determined by the output level.. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) | 


Specification 
Parameter Symbol Value Unit 


Input Capacitance ee (ieee (A 
Output Capacitance co | = | ei | 
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Remarks 


Vi=0V 
Vo=0V 


OKI semiconductor 
MSM38128A 


16,384 WORD x 8 BIT MASK ROM (E3-S-028-32) 


GENERAL DESCRIPTION 


The MSM38128ARS is an N-channel silicon gate MOS device MASK ROM with a 16,384 word x 8 bit capacity. It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn- 
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable 
for use as a large-capacity fixed memory for microcomputers and data terminals. 

As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expand operation of memory and bus line control. 


FEATURES 
e 5V single power supply @ Input/output TTL compatible @ Power down mode 
@ 16384 words x 8 bits e 3-state output @ 28-pin DIP 


@ Access time: 250 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


Memory cell 


iat 
4 : Matrix 
pos decoder 16384 x 8 


Address 


buffer 


OE : Output enable 
Vcc, Vss : Power supply 
Ayg~A;3 + Address input 
=e D, : Data output 
Cc : Chip enable 
cs : Chip select 


Note: Please specify the OE active 
level and CS active level or 
open in ordering this IC. 
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& MASK ROM -MSM38128A = 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Output Voltage —  -05t0o7 5 to 7 


Power Dissipation 
Operating Temperature Topr Oto 70 


Storage Temperature Tstg —55 to 150 


Respect to Ves 


Per package 


OPERATING CONDITION AND DC CHARACTERISTICS 


Rating 

Parameter Symbol Measuring Condition Unit 
p. Max. 

anes : 

loH = —400 uA 


Vo = OV or Vcc 
Chip not selected 
IccA Vcc = Max. lg =OmA Sea 
Power Supply Current 
Vec=Max. CE= =Vip, Iog=OmA 


Vcc = GND ~ Vcc Min. 


Power Supply Voltage 


Input Signal Level 


° 
io) 


Output Signal Level 


= cae pe 


Input Leakage Current 


Output Leakage Current 


= 
> 


w 
ro) 
3 
> 


Peak Power ON Current 


~~ 
io) 

) 
QO 


Operating Temperature 


° 

b=. 
= 
> 


AC CHARACTERISTICS 


TIMING CONDITIONS 


Parameter Conditions 
Input Signal Level Vin=2.4V, Vi_=0.6V 
Input Rising, Falling Time | tr=tf= 5 ns 


Input Voltage=1.5V 
Output Voitage=0.8V & 2.0V 
Loading Condition C_=100 pF +1 TTL 


Timing Measuring Point Voltage 
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= MASK ROM - MSM38128A 


READ CYCLE 
(Vcc = 5V +10%, Vsg = OV, Ta = OC to +70°C) 


Output Disable Time tHzZ 


Output Retaining Time 


#6 
Cit 


Power Up Time 


Power Down Time 


| svmbot Specification Value 

Parameter Symbol Wine hayes Unit Remarks 
Typ. | Max._| 

Chip Enable 
tACE 250 ns 

Access Time 


=] 
n 


3 
0 


1) READ CYCLE-1"") 


Address 


eS OE (3) 


(cS) °° (OE) 


2) READ CYCLE-2!2! 


cS se (3) 
(cs) °° (OE) 


current 
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= MASK ROM: MSM38128A = 


Notes: (1) CE jis “L” level. 
(2) The address is decided at the same time as or ahead of CE ‘’L”’ level. 
(3) The OE and CS are shown in the negative logic here, however the active level is freely selected. 
(4) tz is determined by the later level, CE “L"’/CS 'L"’ or OE “L”. 
tHz is determined by the earlier CE ‘'H’’/CS ""H" or OE ’H”. 
While, ty shows the time until floating and it is therefore not determined by the output level. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Specification . 
Parameter Symbol i Remarks 
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OKI semiconductor 
MSM38256 


32768 WORD x 8 BIT MASK ROM (E3-S-029-32) 


GENERAL DESCRIPTION 


The MSM38256RS is an N-channel silicon gate MOS device ROM with a 32,768 word x 8 bit capacity. It oper- 
ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro- 
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mMA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable 
for use as a large-capacity fixed memory for microcomputers and data terminals. 

Since it provides CE, CS and OE signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control. 


FEATURES 
@ 32768 words x 8 bits @ input/output TTL compatible @ Power down mode 
e@ 5V single power supply @ 3-state output e@ 28-pin DIP 


@ Access time: 250 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


Memory cell 


pel 

ae Matrix 
net ae 

aes 


(CS)(NC) CS{} 1 


Hendler 32768 x 8 


Address 
" Control 


2 
3 
4 
5 
6 
7 
8 
9 


Output buffer 


DoD, D203 Ds Ds 0, D> 


cs > Chip Select 

OE : Output enable 

Vcc, Vss : Power supply voltage 
Ay~Ais : Address input 
D,~O, : Data output 

cE : Chip enable 


Note: The OE active level and CS 
active level are specified by 
customer. 
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= MASK ROM - MSM38256 = 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Rating 
Power Supply Voltage 
Input Voltage 
Output Voltage 


Power Dissipation 


Operating Temperature 


Storage Temperature 


we -0.5to7 V Respect to Vss 


tog | or |e 


O 


OPERATING CONDITION AND DC CHARACTERISTICS 


Parameter 


Power Supply Voltage 


Input Signal Level 


Output Signal Level 


Input Leakage Current 


Output Leakage Current 


Power Supply Current 


Peak Power ON Current 


Operating Temperature 


Rating 
Symbol Measuring Condition 


ee a es 67) Ee ae 

vin [oo 2 

pMe | i 05 | | 08 

a ve 

E 

eae : 
Chip not selected 


Vcc = Max. CE = VIH, lo=O mA op 30 
SS a a4 
CE = Vccor Vip 


Pilepe. 


AC CHARACTERISTICS 


TIMING CONDITIONS 
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Parameter 


Input Signal Level 


Conditions 
ViH=2.4V, Vip =0.6V 


Input Rising, Falling Time tr=tf= 5ns 


Timing Measuring Point Voltage 


Loading Condition 


Input Voltage=1.5V 
Output Voltage=0.8 & 2.0V 
CL=100 pF +1 TTL 


# MASK ROM -MSM38256 = 


READ CYCLE 
(Vcc = 5V +10%, Vsg = OV, Ta = 0°C to +70°C) 
per ae 
Parameter Symbol [wins yp | Make. Unit Remarks 
Cycle Time Lae 250 p= | 
Address Access Time tAA ae 250 


Chip Enable 


Access Time 


Output Delay Time tco i, | 
ea 
heats 


Output Setting Time 


—_ 
(2) 
oe) 


NO 
on 
Oo 


~- 
= 
N 


vt 
K- 
N 


Output Disable Time 


Output Retaining Time tOH 
Power Up Time tpyu 
Power Down Time tPp 100 


1) READ CYCLE-1"") 


Address 


CS or o£?) 
(CS) (OE) (4) 
tH 


" OX 


tOH 


N 


2) READ CYCLE-2!2 


CS or OE (3) 
(CS) (OE) 


435 


= MASK ROM - MSM38256 = 


Notes: (1) CE is “L” level. 
(2) The address is decided at the same time as or ahead of CE ‘‘L”’ level. 
(3) O€ and GS are shown in the negative logic here, however the active level is freely selected. 
(4) tz is determined by the later CE “L”, OE “L” or CS “L”. 
tHz is determined by the earlier CE ‘‘H”, OE “H"’ or CS "H”. 
tHz shows time until floating therefore it is not determined by the output level. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Value Unit Remarks 


Input Capacitance V\=0V 


Output Capacitance 
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OK I semiconductor 
MSM38256A 


32768 WORD x 8 BIT MASK ROM (E3-S-030-32) 


GENERAL DESCRIPTION 


The MSM38256ARS is an N-channel silicon gate E/DMOS device ROM with a 32,768 word x 8 bit capacity. It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn- 
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 6MA (max) when the chip is not selected. The 
application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable for. 
use as a large-capacity fixed memory for microcomputers and data terminals. 

Since it provides CE, OE, CS signals, the connection of output terminals of other chips with the wired OR is possible 
ensuring an easy expand operation of memory and bus line control. 


FEATURES 
@ 32768 words x 8 bits e Input/output TTL compatible @ Power down mode 
@ 5V single power supply @ 3-state output ®@ 28-pin DIP 


e Access time: 150 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 

fsa Memory cell 
Recs oe 
fre | atrix 
ues 
ae 


decoder 32768 x 8 


Address 


Control 


Output buffer 


Dy. 0, 0,0; 0, D, 0,0, 


CE : Chip enable 

OE : Output enable 
(CS)CS =: Chip select 

Vcc, Vss_ : Power supply voltage 
Ayo~Aiy = Address input 
0,~D, : Data output 

(NC) : No Connection 


Note: CS active level is specified 
by customers. 
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= MASK ROM - MSM38256A a 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C) 


Power Supply Voltage 


< 


o. $\- 
g O 
‘eel 


Input Voltage 
Output Voltage 


Power Dissipation 


Operating Temperature 


Storage Temperature T stg 


OPERATING CONDITION AND 


Parameter Symbol 


Power Supply Voltage 


Input Signal Level 


ce in 
~ = (7,9 io) 
Pr he? te 


< 
O 
BG 


Output Signal Level 


< 
O 
~ 


Input Leakage Current Wot 
Output Leakage Current ILO 


IccA 
Power Supply Current 


lees 


Peak Power On Current 


Operating Temperature Topr 


AC CHARACTERISTICS 
TIMING CONDITIONS 


Parameter 
Input Signal Level 
input Rising, Falling Time 


Timing Measuring Point Voltage 


Loading Condition 
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-0.5to7 
~0.5 to 7 
-0.5 to 7 


Respect to Vss 


Per package 
0 to 70 


DC CHARACTERISTICS 


Measuring Conditions 


< on 
(o) o1 
c~ 
> 


~~ 
Oo 

° 
O 


N 
NO 


NO 
Lh 
iz) 


Vo = OV or Vee 

Chip not selected 

Veco = Max. lQ =OmA 

Vcc = Max. CE = ViH, lo=O mA 


Veo = GND ~ Veg Min. 


=) 
= 
> 


Conditions 
ViH=2.4V, Vip_=0.6V 
tr=tf= 5ns 
Input Voltage=1.5V 
Output Voitage=0.8 & 2.0V 
CL=100 pF +1 TTL 


READ CYCLE 


(Voc = 5V +10%, Vg = OV, Ta = 0°C to +70°C) 


Bias Specification Value 
ymbo 
Min. | Typ. | Max._| 


Parameter 


Cycle Time 


Address Access Time 


Chip Enable 


Access Time 


Output Delay Time 
Output Setting Time 


Output Disable Time 


Output Retaining Time 


= MASK ROM - MSM38256A = 


Remarks 


Power Up Time 


Power Down Time 


1) READ CYCLE-1"" 


Address 


2) READ CYCLE-2!?! 


current 
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= MASK ROM -MSM38256A @ 


Notes: (1) 


(2) 
(3) 
(4) 


CE is “L” level. 

The address is decided at the same time as or ahead of CE ‘‘L’’ level. 

CS is shown in the negative logic here, however the active level is freely selected. 
tz is determined by the later CE “L”, OE “L” or CS “L”. 

tHz is determined by the earlier CE ‘‘H", OE “HH” or CS "H”. 

tHz shows time until floating therefore it is not determined by the output level. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 
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Input Capacitance 


— 


Parameter Symbol Value Unit Remarks 


V,=0V 
Vo=0V 


OKI semiconductor 
MSM53256 


32,/68 WORD x 8 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM53256RS is a silicon gate CMOS device ROM with 32,768 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri- 
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 
for use as a large capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 


easy expand operation of memory and bus line control. 


FEATURES 
@ 256k bits: 32,768 words x 8 bits e Fully TTL compatible 
e@ High speed: access time 150 ns max e Pin compatible to 256k EPROM 
@ Low power: active current 15 mA max e Packaged to 28 pins: plastic 
standby current 0.1 mA max e Fabricated with CMOS silicon gate technology 


@ Wide tolerance operating: Vcc = 5V + 10% 
e Fully static operating: using no clock 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


Memory cell 


_ 


(NC)(CS) CS Jj 
Matrix 


32768 x 8 bit 


Sense Amp & 
Output Buffer 


decoder 


2 
3 
4 
5 
6 
7 
8 
9 


O O O O O O O O 


D,0,0,03;D, 0, 0,0, 


en . Address Transition 


OE : Output enable 

Vcc, Vss : Power supply voltage 
Ay ~A14 : Address input 
D,~D, : Data output 

CE : CHip enable 


Note: CS active level is specified 
by customer. 
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= MASK ROM -MSM53256 = 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C) 


Power Supply Voltage Vcc 
“I 


Output Voltage 


Power Dissipation ee 


Operating Temperature Topr 
Storage Temperature T stg 


-0.3 to 7 


-0.3 to Vcc + 0.3 
-0.3 to Vcc + 0.3 


0 to 70 
-55 to 150 


V Respect to Veg | 
V Respect to Vec 
V Respect to Ve. 
WwW | Per package 

°C = 

a & 


OPERATING CONDITION AND DC CHARACTERISTICS 


Parameter Symbol 
Vee 
ss 


Power Supply Voltage 


=tt 


Input Signal Level 


Output Signal Level 


Input Leakage Current ey = OV or Vee ae uA 
ie: OV or Vcc 
k t A 


ICCA 


Power Supply Current | lecs | 


Measuring Condition 


ok 2.1mA 


Vcc = Max. |Q =O mA, 
tc = 150 ns 
Vcc = Max. CE = Vcc - 
Vcc = Max. 

CE = Viy min. 


weed 


Sac) =| 


AC CHARACTERISTICS 


TIMING CONDITIONS 
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Parameter 


Input Signal Level 
Input Rising, Falling Time 


Timing Measuring Point Voltage 


Loading Condition 


Conditions 
Vin = 2.4V, Viz =0.6V 
tr=tf= 5ns 
Input Voltage=1.5V 
Output Voltage=0.8V & 2.0V 
CL=100 pF +1 TTL 


= MASK ROM - MSM5325F ua 


READ CYCLE 
(Voc = 5V +10%, Vgg = OV, Ta = 0°C to +70°C) 


‘ era Specification Value . 4 
alae es ae ee 7 ae 
Address Access Time ee = 150 
Chip Enable 


Access Time 


Output Delay Time tco ) = | = | 50 
Output Setting Time tLz ae = 


Output Disable Time 


1) READ CYCLE-1"" 


Address 


2) READ CYCLE-2'2! 
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= MASK ROM: MSM53256 = 


Notes: (1) CE is “L” level. 
(2) The address is decided at the same time as or ahead of CE ‘’L”’ level. 
(3) CS is shown in the negative logic here, however the active level is freely selected. 


(4) t_7 is determined by the later CE “L", OE “L” or CS “L”. 


tHz is determined by the earlier CE ‘‘H”, OE “"H"’ or CS "H". 
tHz shows time until floating therefore it is not determined by the output level. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Value Unit Remarks 


Output Capacitance Vo=0V 
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OKI semiconductor 
MSM531000 


131,072 WORD x 8 BIT MASK ROM (E3-S-031-32) 


GENERAL DESCRIPTION 


The MSM531000RS is a silicon gate CMOS device ROM with 131,072 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy Operation. The availability of power down mode contri- 
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 
for use as a large capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 
easy expand operation of memory and bus line control. 


FEATURES 
© 131,072 words x 8 bits @ Input/output TTL compatible @ 28-pin DIP 
e@ 5V single power supply @ 3-state output 


e Access time: 250 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) Ao 
Ny Memory cell © Vee 
Ai Matrix =O Vss 
A; 


131072 x 8 


Address 


buffer 


Multiptexer 


Output buffer 


CE 


fl 
m 


Control 


DoD, D,D3D, Ds 0D, 


Vcc, Vss : Power supply voltage 
Ao~Ay, ° Address input 
Dy»~D, : Data output 

: Chip enable 


445 


= MASK ROM -MSM531000 @ 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C) 
Input Voltage -0.3 to Vec + 0.3 
Power Dissipation a 1 
Operating Temperature Oto 70 


Storage Temperature —55 to 150 


; cet 


OPERATING CONDITION AND DC CHARACTERISTICS 


Parameter 
Power Supply Voltage 
Input Signal Level 


Output Signal Level 


Input Leakage Current 


Conditions 
Respect to Ves 
Respect to Veg 
Respect to Veg 


Per package 


Vo = OV or Vcc 
Chip not selected 


Vcc = Max. lo =O mA, te 
ece tc = 250 ns 


Power Supply Current lccs Vcc = Max. CE = Vec - 0.2V a 
Vcc = Max. 
ccsi CE = Viyq min. 


Output Leakage Current 


AC CHARACTERISTICS 


TIMING CONDITIONS 


Parameter Conditions 
Input Signal Level Vin = 2.4V, Vit =0.6V 
Input Rising, Falling Time tr=tf=5 ns 


Input Voltage=1.5V 


Timing Measuring Point Voltage 


Output Voltage=0.8V & 2.0V 


Loading Condition CL=100 pF +1 TTL 
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= MASK ROM -MSM531000 = 


READ CYCLE 
(Voc = 5V +10%, Vgg = OV, Ta = 0°C to +70°C) 


Specification Value ‘ 
Parameter Symbol Unit Remarks 
| Min. | Typ. | Max. | 


Chip Enable 

tACE 250 ns 
Access Time 
Output Setting Time tLz | 10 | - | 


Output Disable Time tHz 
Output Retaining Time tOH Oy 


READ CYCLE 


——| toH |——— 
CE 
Note 1 
tHZ 
aa Valid Data 


Note: t}y7 shows the time until floating and it is therefore not determined by the output level. 


Dout 
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= MASK ROM- MSM531000 = 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Value Unit Remarks — 
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OKI semiconductor 
MSM531001 


131,072 WORD x 8 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM531001 is a silicon gate CMOS device ROM with 131,072 words x 8 bit capacity. It operates on a 5V single powe 
supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the circuit requires n 
external clock assuring extremely easy operation. The availability of power down mode contributes to the low power dissipatio 
when the chip is not selected. The application of a byte system is most suitable for use as a large capacity fixed memory fc 
microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an eas 
expand operation of memory and bus line control. 


FEATURES 
® 131,072 words x 8 bits ® Input/output TTL compatible = ¢ 32 pin DIP 
@ 5V single power supply ® 3-state output 


® Access time: 200 ns MAX 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 
(Top View) 


Memory ceil 
Matrix 
131072 x 8 


Address 


buffer 


Ip Ae, Veee 
Control © OF 


Sense Amp & 
Output Buffer 


DoD, 0:0; 0, 0; 060; 


: Power supply voltage 
: Address input 

: Data output 

: Chip enable 

: Output enable 
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= MASK ROM -MSM531001 s 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Power Supply Voltage -0.3 to 7 V 
Input Voltage -~0.3 to Vcc + 0.3 
Vo 


Respect to Ve. 


Respect to Ve. 


-0.3 to Vcc + 0.3 


Output Voltage Respect to Ve. 


Power Dissipation Per package 


Operating Temperature 


Storage Temperature Tstg -55 to 150 


° 
a 


OPERATING CONDITION AND DC CHARACTERISTICS 


Parameter Symbol Measuring Condition - 
ax. 


D 
a 
ee 
ois 
oO 
Cc 
a | 
2. 


Vcc = Max. lo =O mA, 
tc = 200ns 


ICCA 


Me |  - | #8 | 5 | ss | 
Power Supply Voltage ae - 88 
Vss po | o| v 
7 
Input Signal Level 
a | eI coe es 
Output Signal Level 
VOL lot =2.1mMA | | V 
Input Leakage Current V; = OV or Vee P| uA 
Vo = OV or Vec 
k t 


7) 
oe) 
3 

> 


Power Supply Current 


Vcc = Max. 


Operating Temperature 


|e |e e 
s “a 


AC CHARACTERISTICS 


TIMING CONDITIONS 


Parameter Conditions 
input Signal Level Vin} = 2.4V, Vit = 0.6V 
Input Rising, Falling Time tr=tf= 51s 


Input Voltage=1.5V 
Output Voltage=0.8V & 2.0V 
Loading Condition CL=100 pF +1TTL 


Timing Measuring Point Voltage 
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= MASK ROM -MSM531001 = 


READ CYCLE 
(Vcc = 5V +10%, Vss = OV, Ta = O°C to +70°C) 
. Specification Value és 4 7 
arameter ymbo nit emarks 
Min. | Typ. | Max. _| 


Cycle Time | te | 200 | fe ie 
Address Access Time | ta | | pons 
— ChipEnable 
a ee 
Output Delay Time tco 


Output Setting Time tLZ2 
Output Disable Time 


Output Retaining Time | ton | 


1) READ CYCLE-1"") 


Address 


2) READ CYCLE-2!?! 
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= MASK ROM -MSM531001 # 


452 


Notes: (1) CE is ‘’L” level. | 
(2) The address is decided at the same time as or ahead of CE “‘L”’ level. 


(3) t_z is determined by the later CE “L”, OE “L” 
tyz is determined by the earlier CE ‘ HW”, OE “'H” 
tyz shows time until floating therefore it is not determined by the output level. 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 


Parameter Symbol Value Unit Remarks 


Output Capacitance Vo=0V 


OKI semiconductor 
MSM534000 


262,144 WORD x 16 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM534000RS is a silicon gate CMOS device ROM with 262,144 words x 16 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 


FEATURES 


e 262,144 words x 16 bits 
e 5V single power supply 
e Access time: 200 ns MAX 


CONFIGURATION 
(Top View) 


:Powersupply CE :Chip enable 
voltage OE :Output enable 
:Address input 

:Data output 


e Input/output TTL compatible 
e 3-state output 
e 40-pin DIP 


FUNCTION BLOCK DIAGRAM 


CE-OE Logic 


Pe 

— Xx Memory cell Matrix 
a decoder 262144x 16 bit 
mea 


oot. ' Se omaisaase | 
te 


Output buffer 


DODODDDDDDDDDDDDD 
01234567 8 9 101112131415 


# MASK ROM -MSM534000 » 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Power Supply Voltage Vec Respect to Vss5 
Input Voltage Respect to Vss 
Output Voltage Respect to Vss 
Power Dissipation PP ft fw Per package 
Operating Temperature - 
Storage Temperature _ 


OPERATING CONDITION AND DC CHARACTERISTICS 


(Vcc =5V+10% Vss= OV Ta=0°Cto + 70°C) 


Rating 
Rating nit 


Power Supply Voltage 


Output signal Level 
vu [overtone | = | | oe 


Pex fewer [= [= [= |e 
ee ee 


Parameter 


< 


< 


° 
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=» MASK ROM -MSM534000 = 


AC CHARACTERISTICS 
<TIMING CONDITIONS> 


Parameter Condition 
Input Signal Level Vin = 2.4V, Vi_ = 0.6V 
Input Rising, Falling Time tr=tf=5ns 


Input Voltage = 1.5V 
Output Voltage = 0.8V & 2.0V 


Timing Measuring Point Voltage 


Loading Condition C, = 100pF+1TTL 


<READ CYCLE> 


(Vcc =5V + 10%, Vsg = OV, Ta=0°C to + 70°C) 


. eee ae Value r 5 i 
arameter mbDo : nit emarks 
oe 


Chip Enable 

tace 200 oo 
Access Time 
Output Delay Time po | - | - | 6 | ns | 
Output Setting Time J ee 
Output Disable Time a ee 


GurpueRetainingting | ton | 18 f= = [| 


455 


= MASK ROM : MSM534000 = 


@ READ CYCLE-1 (NOTE 1) 


Address 


READ CYCLE-1 (NOTE 2) 


Notes: (1) CEis”L” level. 
(2) The address is decided at the same time as or ahead of CE "L” level. 


(3) tz is determined by the later CE “L” or OE “L". 
tyz is determined by the earlier CE "H” or OE “H”. 
tyz shows time until floating therefore it is not determined by the output level. 
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= MASK ROM -MSM534000 a 


INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f= 1 MHz) 


eed tearn ae | Specification Value _| 
Parameter Symbol Unit Remarks 


oe Ree ae 


Output Capacitance Vo =0V 
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OKI semiconductor 
MSM534000A 


262,144 WORD x 16 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM534000ARS is a silicon gate CMOS device ROM with 262,144 words x 16 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low.power dissipation 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 


FEATURES 
e 262,144 words x 16 bits e Input/output TTL compatible 
e 5V single power supply e 3-state output 
e Access time: 150 ns MAX e 40-pin DIP 


FUNCTION BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) | 


Xx Memory cell Matrix 
decoder 262144 x16 bit 


Y aE 
|___ Multiplexer 
ACE EEE 


Output buffer 


Address 
buffer 


——> decoder 
| | 


DDODDDDDDODDDDDDD 
01234567 8 9 101912931415 


:Powersupply CE :Chipenable 
voltage OE :Output enable 
:Address input 

:Data output 
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= MASK ROM - MSM534000A = 


ABSOLUTE MAXIMUM RATINGS 


(Ta = 25°C) 


Power Supply Voltage Respect to Vss 
input Voltage | vy | -03t0Vec+03 | ov | Respect to Vss 
Output Voltage | Vo | -03toVec+03 | vi | Respect to Vss 
Power Dissipation opm ft fw Per package 
Operating Temperature ~ | Topr | otov = | te - 
Storage Temperature | tig |  -55t0150 | ee - 


OPERATING CONDITION AND DC CHARACTERISTICS 
(Vcc =5V+410% Vcos=O0V Ta=O0°C to + 70°C) 


Rating 


Parameter Unit 


Min Max 


Power Supply Voltage 


Output signal Level 
Pia festien —] 


Vo=O0V or Vcc = 
Mes = Max, lo=OmA 
Power Supply Current lcs. | | Mec = Max. pA 
pe CE=Vec-0.2V 
l CC Max. A 
: 


< 
a 
a 
i 
w 
- 

Wn 
wn 
< 


< 


= 
x 
id 
NO 
ae 
<= 
im 
dM 
+ 
Oo 
Ww 
< 


< < 


< 


° 
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» MASK ROM: MSM534000A ag 


AC CHARACTERISTICS 
<TIMING CONDITIONS > 


Parameter Condition 
Input Signal Level Vip =2.4V, Vy = 0.6V 
Input Rising, Falling Time tr=tf=5ns 


_ ; Input Voltage = 1.5V 
Timing Measuring Point Voltage 
Output Voltage = 0.8V & 2.0V 


Loading Condition C, = 100pF +1 TTL 


<READ CYCLE> 


(Vcc =5V 410%, Vsg = OV, Ta=0°C to + 70°C) 


: Specification Value ae : : 
ee — ae Ge ee I ig Desens 
pons | 


Chip Enable 
tace 150 Ns 
Access Time | 
Output Delay Time to | - [| - | 60 | ns | 
Output Setting Time a ee ae ee 
Output Disable Time Pt | 10 | = | 50 [os 


GutputRetsining ime | toe | wo | - { - jf 
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= MASK ROM -MSM534000A mg 


@ READ CYCLE-1 (NOTE 1) 


Address 


READ CYCLE-1 (NOTE 2) 


Notes: (1) CEis"L” level. 
(2) The address is decided at the same time as or ahead of CE "L” level. 


(3) tiz is determined by the later CE “L” or OE “L”. 
tyz is determined by the earlier CE “H” or OE “H". 
tyz shows time until floating therefore it is not determined by the output level. 
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= MASK ROM -MSM534000A = 


INPUT/OUTPUT CAPACITANCE 
(Ta =25°C, f= 1 MHz) 


Unit Remarks 


ca ie Value 
Parameter Symbol 
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ye) 
OKI semiconductor 
MSM534001A CS 


524,288 WORD x 8 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM534001ARS is a silicon gate CMOS device ROM with 524,288 words x 8 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a byte system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 


FEATURES 
e 524,288 words x 8 bits e Input/output TTL compatible 
e 5V single power supply e 3-state output 
e Access time: 150 ns MAX e 32-pin DIP 


FUNCTION BLOCK DIAGRAM 


PIN CONFIGURATION 
(Top View) 


decoder Memory cell Matrix 
524,288 x B bit 


buffer 


decoder 


Control 


‘Powersupply CE :Chipenable 
voltage OE :Output enabie 
:Address input 

:Data output 


463 


= MASK ROM -: MSM534001A 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Power Supply Voltage Respect to Vss 
Input Voltage Respect to Vss5 
Output Voltage Respect to Vss 
Power Dissipation a ae a a Per package 
Operating Temperature - 
Storage Temperature - 


OPERATING CONDITION AND DC CHARACTERISTICS 
(Vcc =5V410% Vss=OV Ta=0°C to + 70°C) 


Rating 


! Parameter Unit 


Power Supply Voltage : 
Input Signal Level 


Output signal Level 
vou fxwtima | - | | [9 
Input Leakage Current Pou [Me OVorVcc peeled pA 


| Vo= OV or Vcc 
Vec= Max, |o=OmA 
Rper ean ghee Veco 2V ise e 
Vcc = Max. 
| =£C 500 A 
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= MASK ROM - MSM534001A mg 


AC CHARACTERISTICS 
<TIMING CONDITIONS > 


Parameter Condition 
Input Signal Level Vin = 2.4V, Vy = 0.6V 
Input Rising, Falling Time tr=tf=5ns 


— . . Input Voltage = 1.5V 
Timing Measuring Point Voltage 
Output Voltage = 0.8V & 2.0V 


Loading Condition C, = 100pF + 1 TTL 


<READ CYCLE> 


(Vcc = 5V + 10%, Vsg = OV, Ta=0°C to + 70°C) 


____|_ Specification Value 
pele _ es ee ae ie aati 


Chip Enable | 

tice 150 
Access Time 
Output Delay Time pio | - | - [6 | ms 
Output Setting Time pow | wo | - [ - [os 
Output Disable Time tz | 10 | - | 50 | ns | 


Output Retaining Time ton | oo | = | - fe 
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= MASK ROM - MSM534001A = 


@ READ CYCLE-1 (NOTE 1) 


Address 


Notes: (1) CEis "L” level. 
(2) The address is decided at the same time as or ahead of CE “L” level. 


(3) t.z is determined by the later CE “L" or OE “L". 
tyz is determined by the earlier CE ”H” or OE “H” 
tuz shows time until floating therefore it is not determined by the output level. 
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ws MASK ROM: MSM534001A # 


INPUT/OUTPUT CAPACITANCE 
(Ta=25°C , f= 1 MHz) 


eects ee | Specification Value 
Parameter Symbol Unit Remarks 
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OKI semiconductor 
MSM534002A 


262,144 WORD x 16 BIT OR 524,288 WORD x 8 BIT MASK ROM 


GENERAL DESCRIPTION 


The MSM534002ARS is a silicon gate CMOS device ROM with 262,144 words x 16 bit or 524,288 
words x 8 bit capacity. It operates on a 5V single power supply and all inputs and outputs are TTL 
compatible. The adoption of an asynchronous system in the circuit requires no external clock 
assuring extremely easy operation. The availability of power down mode contributes to the low 
power dissipation when the chip is not selected. The application of a byte/word system is most 
suitable for use as a large capacity fixed memory for microcomputers and data terminals. 

Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 


FEATURES 
e 262,144 words x 16 bits or 524,288 words x 8 bits e Input/output TTL compatible 
e 5V single power supply e 3-state output 
e Accesstime: 150ns MAX e 40-pin DIP 


FUNCTION BLOCK DIAGRAM 


A-1 9 7 BYTE 


PIN CONFIGURATION 


8/16 Output Control 
° CE-OE Logic 


x eat fe sil 
decoder x 16 bit 


or 524,288 x 8 


plat 


Output buffer 


ODDODDODDODODDDDDD 
0123.45 67 8 9 101912131415 


Vc, Vss : Power supply CE : Chip enable 
voltage OE : Output enable 

Ap~Ay7:Address input D,</A-1: Output/input 

Do~Dy4:Data output = BYTE: Mode Switch 
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=» MASK ROM - MSM534002A = 


ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 


Power Supply Voltage Respect to Vss 
input Voltage Foy | -03toVec#03 | ov Respect to Vss 
Output Voltage | Vo | -03toVec+03 | Vo” Respect to Vss 
Power Dissipation em ft fw Per package 
Operating Temperature | Topr | = oto70 sf - 
Storage Temperature | Tstg | -s5t0150 | Cl - 


OPERATING CONDITION AND DC CHARACTERISTICS 


(Vcc =5V410% Vsg=O0V Ta=0°Cto + 70°C) 


Parameter Unit 


< 
ra 
a) 
= 
uw 
wn 
ui 
< 


Power Supply Voltage 
ee 


man Pe Te ee 
[von [lowes | 2a | = |= 
Output signal Level 
Vo =O0Vor Vcc 
Vcc = Max, lo = OMA 
Vcc = Max. 
| —CC 50 A 


< 


=< 
r 
N 
N 
Tle 
< 
fa 
nN 
+ 
°o 
w 
< 


< 


< 


Vcc = Max. 
VCC A 
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= MASK ROM - MSM534002A = 


FUNCTION TABLE 


OE BYTE A-1 (D15) DO~D7 D8~D15 | Dout MODE 
Hi-Z 


INPUT 
L H FORBIDDEN DO~D7 D8~D15 16 bit 
(D15) 


8 bit 


X: Don't Care 


AC CHARACTERISTICS 
<TIMING CONDITIONS > 


Parameter Condition 
6 Input Signal Level Vin = 2.4V, Vi, = 0.6V 


~ Input Rising, Falling Time tr=tf=5ns 


Input Voltage = 1.5V 
Timing Measuring Point Voltage 
Output Voltage = 0.8V & 2.0V 


Loading Condition C, = 100pF + 1 TTL 


<READ CYCLE> 


(Vcc = 5V + 10%, Vss = OV, Ta=0°C to + 70°C) 


R Specification Value ' : : 
aoe iat eos oe ene est ada 


Address Access Time a 150 


Chip Enable 

tace 150 
Access Time 
Output Delay Time pte ee | 0) me 
Output Setting Time oe ee a re ae 
Output Disable Time tz | 10 | = | 50 | ns 
Output Retaining Time tow | 10 | - | - | ns! 
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= MASK ROM -MSM534002A 


@ READ CYCLE-1 (NOTE 1) 


ton 
3 
van OK 


@ READ CYCLE-1 (NOTE 2) 


tc 
CE 
tace 
OE. 
tco hs (3) 
tz (3) 


Notes: (1) CEis “L” level. 
(2) The address is decided at the same time as or ahead of CE “L” level. 


(3) tLz is determined by the later CE “L” or OE “L”. 
tyz is determined by the earlier CE “H” or OE "H". 
tyz shows time until floating therefore it is not determined by the output level. 
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= MASK ROM -MSM534002A = 


INPUT/OUTPUT CAPACITANCE 
(Ta=25°C , f= 1 MHz) 


ae ee Value 
Parameter Symbol 
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“OTPS 


MOS EPROMS/OTPS 


MSM2764A 
MSM27128A 
MSM27256 
MSM27512 
MSM271000 
MSM271024 
MSM27C256 
MSM27C256H 
MSM27C1024 
MSM27C2000 
MSM27C2048 
MSM2764AZB 
MSM27128AZB 
MSM27256ZB 
MSM27512ZB 
MSM271000ZB 
MSM271024ZB 
MSM27C256ZB 
MSM27C256HZB 


8,192-Word x 8-Bits EPROM (NMOS) .............+00- 475 
16,384-Word x 8-Bits EPROM (NMOS) ................ 483 
32,768-Word x 8-Bits EPROM (NMOS) ................ 491 
65,536-Word x 8-Bits EPROM (NMOS) ...............-. 499 
131,072-Word x 8-Bits EPROM (NMOS) ............... 506 
65,536-Word x 16-Bits EPROM (NMOS) ............... 513 
32,768-Word x 8-Bits EPROM (CMOS) ................ 520 
32,768-Word x 8-Bits EPROM (CMOS) ................ 528 
65,536-Word x 16-Bits EPROM (CMOS) ............... 536 
262,144-Word x 8-Bits EPROM (CMOS) ............... 543 
131,072-Word x 16-Bits EPROM (CMOS) .............. 550 
8,192-Word x 8-Bits OTP ROM (NMOS) ..............- 557 
16,384-Word x 8-Bits OTP ROM (NMOS) .............- 564 
32,768-Word x 8-Bits OTP ROM (NMOS) .............. 571 
65,536-Word x 8-Bits OTP ROM (NMOS) .............. 578 
131,072-Word x 8-Bits OTP ROM (NMOS) ............. 585 
65,536-Word x 16-Bits OTP ROM (CMOS) ............. 591 
32,768-Word x 8-Bits OTP ROM (CMOS) .............. 598 


32,768-Word x 8-Bits OTP ROM (CMOS) .............. 605 


OKI semiconductor 
MSM2764A 


8192 < 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM2764A is a 8192 words x 8 bit ultraviolet erasable and electrically programmable 


read-only memory. The MSM2764A is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 


FEATURES 


@ +5V single power supply 
@ 8192 words X 8 bit configuration 


@ Access time: MAX184 mW (during stand-by) 
MAX 120 ns (MSM2764A - 12) @ Completely static operation 


MAX . 150 ns (MSM2764<A - 15) @ |NPUT/OUTPUT TTL compatible 
MAX 200 ns (MSM2764A - 20) (three state output) 


MAX 250 ns (MSM2764A - 25) 


@ Power consumption: 
MAX525 mW (during operation) 


FUNCTIONAL BLOCK DIAGRAM 


O-7 


Output buffers 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
8192 x 8bit 
Input buffers 


This specification may be changed without notification. 
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= EPROM - MSM2764A a 


FUNCTION TABLE 


ad CE | OF PGM Vpp Voc 
Mode | | | 


Output Disable eek UE UE ws High impedance 
Stand-by Sovn | - | - | sv | tev High impedance 
Program VIL Vin VIL +6V DIN 
Program Verify VIH Dout 
Program Inhibit VIH P= f= | atz.ev | +6V High impedance 


—; Can be either Vj, or Viy 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Wilt ace.c Baraca ee asa stak eee o°c~ 70°C 
Storage Temperature PSIG: 22 S26 ahi omked 2d —55°C ~ 125°C 
All Input/Output Voltages VINE VOUT sae t tone ee Soke —0.6V ~ 13.5V 
Vcc Supply Voltage VECO cxecieernceshr sere de -—0.6V ~ 7V 
Program Voltage _ VDD! aciit days tae butics —-0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


auld Operating 


Vcc Power Supply 


oc = 70°C Voc=5V+ 5% 
“H” Level Input» Vpp=Vcc 
Voltage Se 
“L” Level Input 
Voltage pm for] - fos 


The voltage with respect to GND 


Parameter 


< 


< 


< 
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=m EPROM -MSM2764A 


DC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Voc, Ta = 0°C ~ 70°C) 


Limits 


Parameter Symbol Conditions Unit 
in [| wen 
Input Leakage Current tu | vin=s2sv | - | - | 10 | pA 
Output Leakage Current to | Vour=525v. | - | - | 10. pA 
Vcc Power Current (Stand-by) icc, |CE=vH =o] - «| - | 88 mA 
Vcc Power Current (Operation) icc, |CE=yLsid| «| «| 100 mA 
Program Power Current | pp: | Vpp=Voo =| - «fs 
Input Voltage “L’ Level ca een es 
Output Voltage ‘‘H” Level Vo | lon=-400pA | 24] - 
mee 


Output Voltage “L” Level VOL lol =2.1 mA rz 


AC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = VCC , Ta = 0°C ~ 70°C) 


Parameter Symbol 
Address Access Time face | 


OE Access Time 
Output Disable Time 


Measurement condition 


Input pulse level .................00 000 eae 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OutsutiOad s25 245.6% Sheet see eke sone 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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» EPROM - MSM2764A a 


TIME CHART 


| Address input 


CE 


OE 


Data output 
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= EPROM -MSM2764A a 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75V ~6.5V, Vpp = 12.5V 0.5V, Ta = 25°C +5°C) 


Parameter Symbol Conditions Unit 

in [ye [on 
Input Leakage Current vm=s25v | — | — | 10] ma 
Voc Power Current Icc }- | = | 100— mA 


oe 
Input Voltage “H” Level VIH SS oe V 
Input Voltage “L’ Level Pui f= —0.1 P= | 08 | V 
Output Voltage “H” Level VOH Hlon=-400vA | 24} - | - | V 
Output Voltage “L” Level VOL lol =2.1 mA P— | = | 048 | V 
AC CHARACTERISTICS 
(Vcc = 5.75V ~6.5V, Vpp = 12.5V£0.5V, Ta = 25°C+5 °C) 
fmt] cei aT [| 
Parameter Symbol Conditions Unit 
in v0. [oe 

Address Set-up Time tas ee eee TRS) 
OF Setup Tin rcs | fe |-|—-[« 
Address Hold Time tAH Lee ete ee | ps 
Data Hold Time oto tele? «ta 
ee oe ee 
Vpp Power Set-up Time tvs ee ee us 
PGM Initial Program Pulse Width | tpw 0.95 | 1.0 ms 
PGM Program Pulse Width | tpw | Vecx6.25vt0.28v | 95 | 100 | 105 | Ms 
PGM Overprogram Pulse Width 2.85 | | 78.78 | ms 
Data Valid from OE tog bee ee el 150 | ns 
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Hl 
i 
‘i 
n 
7 


= EPROM -MSM2764A = 


TIME CHART 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc=5V) 


Parameter 
Input Capacitance 


Output Capacitance 
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= EPROM -MSM2764A = 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 


Vpp = 12.75V 


=O 


<> YES 


NO 


X 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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| # EPROM -MSM2764A 


START 


<> YES 
NO 


X=X+1 


FAIL VERIFY 


ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT NO 
? 
peste LAST ADDR: 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 
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OKI semiconductor 
MSM27128A 


16384 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27128A is a 16384 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27128A is manufactured by the N channel 
double silicon gate MOS technology and is contained in the 28 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 16384 words 8 bit configuration MAX525 mW (during operation) 

e Access time: MAX184 mW (during stand-by) 
MAX 120 ns (MSM27128A-12) e Completely static operation 
MAX 150 ns (MSM27128A-15) @ INPUT/OUTPUT TTL compatible 
MAX 200 ns (MSM27128A-20) (three state output) 


MAX 250 ns (MSM27128A-25) 


FUNCTIONAL BLOCK DIAGRAM 


0-7 
4 Se Be ee eh 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
16384 xX 8bit 
Input buffers 


This specification may be changed without notification. 
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= EPROM -MSM27128A = 


FUNCTION TABLE 


CE OE PGM Vpp Voc 
(20) (22) (27) (1) (28) Outputs 
Mode 


Output Disable Hun Pw fs +5V cs High impedance 


Program Verify VIL VIL 


Program Inhibit VIH = 


—; Can be either Vj, or Viy 


High impedance 


DIN 


+12.5V +6V High impedance 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Tal o.j ered ae ee eies eee ed 0°C ~ 70°C 
Storage Temperature f= (0 |e etree ee ey ae —55°C ~ 125°C 
All Input/Output Voltages VIN: VOUT 2oipidessatee sees —0.6V ~ 13.5V 
Vcc Supply Voltage VGC int os ceed nean ateGe -0.6V ~7V 
Program Voltage MOD” soir Steed toate tape aaes —0.6V ~— 14V 


| 7 The voitage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


mul Operating 


Parameter Symbol rin. | Typ. | Max. Temperature Remarks | Symbol 


Vcc Power Supply 
Voltage ee 4.75 5.0 5.25 V 
Voc=5V+5% 


“H” Level Input 506 6.25 ore ~ 70°C Vpp=Vcc 7, 
Voltage 
“L” Level Input | 


The voltage with respect to GND 
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= EPROM -MSM27128A = 


DC CHARACTERISTICS 
(Vcc = 5V+5%, Vpp = Vcc, Ta =0°C ~ 70°C) 


Limits 


Parameter Symbol Conditions pkimts | Unit 
in| 10 | won 

Input Leakage Current Surf vin=s2ev | - «| - | to | pA 
Output Leakage Current to | Vour=5.25v. | - | - | 10) pA 
Vcc Power Current (Stand-by) icc, |CE=vnH sd] - | - | 8 | mA 
Vcc Power Current (Operation) mA 
Program Power Current ipo: | Vpp=Voo =f] - | - ' | 8 | mA 
Input Voltage “H” Level cae ee V 
Input Voltage “L’ Level Pv | - feoa [= | oe | V 
Output Voltage ‘‘H” Level VOH Fion=-400na | 24a] - | - | V 
Output Voltage “L” Level VOL Fion=21ma | - | — | 0.48 | V 


AC CHARACTERISTICS 
(Vcc =5V+5%, Vpp = Vcc, Ta =0°C ~ 70°C 


: 27128A-12 | 27128A-15| 27128A-20| 27128A- “ae 
aerameter ymbo on i ions 

Mi 

n. | Max. | Min. | Max. | Min. | Max. | Min. | 


ee a aeCSOeCE 
~ “IH 


CE Access Time 


CE=V 
t we MIG, 50 70 
CE = 
eo 55 
PGM = ve | fe | s] 0 | ss] 0 | co 


>] 
n 


S 
n 


=) 
n 


Output Disable Time 


Measurement condition 


Input pulse level .................0..0.008. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OUIDGUIOAaG? 24a sa oes os tbdaeesdiease 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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= EPROM - MSM27128A 


i TIME CHART 


Address input 


OE 


Data output 
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= EPROM -MSM27128A @ 


<PROGRAMMING OPERATION > 
DC CHARACTERISTICS 


(Vcc = 5.75V ~6.5V, Vpp = 12.5V +0.5V, Ta = 25 Ct5 °C) 


Limits 


Cc 
= 


Parameter Conditions 
in [196 [We 
Input Leakage Current VIN =5.25V = _ el) 40 pA 
Vpp Power Current CE = PGM = Vj - | - | 50° mA 
Vcc Power Current ICC Po f= | 100, mA 
Input Voltage ‘‘H”’ Level Pvp | - | 20] = |voott V 
Input Voltage “L” Level VIL fF le —0.1 | = | 08 | V 
Output Voltage ‘‘H” Level | Von | lon=-400ua | 24] - | - | V 
Output Voltage “L” Leve! Vor |lor=2tma | - | - | os | V 


AC CHARACTERISTICS 
(Vac = 5.75V ~6.5V, Vpp = 12.5V+t0.5V, Ta = 25°C +5°C) 


Limits 


Parameter Symbol Conditions Unit 


Address Set-up Time 


— 
< 
se) 
= 
i) 
x 


- 


Gir lO ld |S 
ee le a ne 


OE Set-up Time 


Data Set-up Time 


Address Hold Time 


= 
” 


A LS 
Data Hold Time us 
Output Enable to Output 
Float Delay ‘DFP 130 ee 


Vpp Power Set-up Time 


< 
2) 


—_h 
oO 


PGM Initial Program Pulse Width tpw Vec = 6V +0.25V 


[08 | 


A 
© 
oO 
— 
Oo 
Oo 
= 
n 


PGM Program Pulse Width tpw Vcc =6.25V +0.25V 


PGM Overprogram Pluse Width tOoPW Vcc = 6V £0.25V 


s 
00 
o 


ae 


CE Set-up Time tCES us 


Data Valid from OE tOE 


-_ 
Oo 
oe) 


ns 
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q 
7 
i 

\ 


w EPROM -MSM27128A @ 


TIME CHART 


Address 7 . 
input 4 ADDRESS N b 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 


p. 
Input Capacitance 4 


conor [wn | we | we 


Output Capacitance 
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= EPROM -MSM27128A a 


NO 
PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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= EPROM -MSM27128A @ 


START 


ADDRES = FIRST LOCATION 
| Vpp = 12.5V 


<> YES 
NO 


FAIL VERIFY 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT 
ADDRESS 


“ LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (11) 
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OKI semiconductor 
MSM27256 


32768 < 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27256 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 32768 words x 8 bit configuration MAX525 mW (during operation) 

@ Access time: MAX184 mW (during stand-by) 
MAX 120 ns (MSM27256-12) @ Completely static operation 
MAX 150 ns (MSM27256-15) @® INPUT/OUTPUT TTL compatible 
MAX 200 ns (MSM27256-20) (three state output) 


MAX 250 ns (MSM27256-25) 


FUNCTIONAL BLOCK DIAGRAM 


O07 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
32768 X 8Bbit 


Input buffers 


This specification may be changed without notification. 
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# EPROM -MSM27256 o 


FUNCTION TABLE 


Output Disable VIL VIH +5V +5V High impedance 
Stand-by Vi a +5V +5V High impedance 
Program Verify VIH VIL +6V Dout 

Program Inhibit VIH VIH +6V High impedance 


—; Can be either Vi__ or Vi 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias OP Altes eal ata aah fst ay inte: o°c ~70°C 
Storage Temperature SIG) 25s ra metet ea neces dae a —55°C ~ 125°C 
All Input/Output Voltages MIN Mowoieig ou aortsinc Deen bee —0.6V ~ 13.5V 
NOUL <86estiseccniare —0.6V ~ 7V 
Vcc Supply Voltage VCC creiautince ates eGerds —-0.6V ~7V 
Program Voltage VDD’ eaientna Wai eteydos 2 —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Parameter Symbol ae eae Satie Remarks Symbol 
Wateae eee 4.75 | 5.0 | 5.25 V 
Vpp Voltage Vpp 5.0 5.25 ,v 

= 9 
“H” Level input - 20 | - | eas, o°c ~ 70°C oe : 
ihe nee VIL —0.1 | - [oe V 


The voltage with respect to GND 
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EPROM - MSM27256 © 


DC CHARACTERISTICS 
(Vcc = 5V+5%, Vpp = Vcc, Ta = 0°C 


Parameter 


Input Leakage Current 

Output Leakage Current 

Vcc Power Current (Stand-by) 
Vcc Power Current (Operation) 
Program Power Current 

Input Voltage “H” Level 

Input Voltage “L’ Level 

Output Voltage “H” Level 


Output Voltage “L” Level 


AC CHARACTERISTICS 


~ 70°C) 


Limits 


Symbol Conditions ptimits 

in | 1p | won 
Pu [ewesev | - | - | 
Tho _[vour-s2v | | — | 10 
Pic, [vm | | | 
Mico, [Cm | | | 00 
ee: [we-voo |- || = 
Pm | - | 20] — [voor 
ee ee 
von [ion=-so0e | | — | —_ 
von [tou=2ime | - | ~ | ons 


(Voc =5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Parameter 


Symbol} Conditions 


ee a 


Address Access Time 


CE Access Time 


OE Access Time 


Output Disable Time 


Measurement condition 


Input pulse level ............... 
Input timing reference level .... 
Output load ................... 
Output timing reference level... 


Caco 


io) 


gba Geta 0.45V and 2.4V 

sSerihase dilate aa 0.8V and 2.0V 

ae ee eee re 1TTL GATE + 100pF 
eee re 0.8V and 2.0V 


<|;/<;<i< 
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! = EPROM - MSM27256 = 
| TIME CHART 


Data output 
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EPROM - MSM27256 © 


< PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc =5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter Symbol Conditions Unit 
Typ. 


Input Leakage Current VIN =5.25V |- | - | 10 | 
Vpp Power Current Ipp2 CE = Vj, OF = VIH | - | - | 50] mA 


Vcc Power Current Benny 

ee 
fon=-w00ua | 24| 
_ [ou=ztme | - | — 


Oo 
o) 


nN 


Input Voltage “H” Level 
Input Voltage “L’ Level 
Output Voltage “H” Level 


Output Voltage “L” Level 


6 


AC CHARACTERISTICS 
(Voc = 5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter Symbol 


O 
ie) 
=) 
2. 
= 
fe) 
5 
O 
C. 
3 
-- 
w 


Unit 
ie [a 
OE Sep Tin et. tel tt ete 
Data Set-up Time tos P= f  p us 
Address Hold Time tAH po | - | - | us 
Data Hold Time toH P2 f- | - | us 


oe er Ie 
CE Initial Program Pulse Width on sna aw [| ms 
CE Program Pulse Width Vec=6.25V+0.25V fig 
CE Overprogram Pulse Width a ae at ee ms 
bartender | = | - [=] lm 
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a EPROM - MSM27256 a—_—_—__________-—__ 


TIME CHART 


Address 
“insu 4 ADDRESS N 


pee 

DATA 
Data DATA INPUT D 
input/output ian J ae 


Vpp 
tvs 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 
Input Capacitance 


Output Capacitance 
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= EPROM -MSM27256 a 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 


Vpp = 12.75V 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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» EPROM -MSM27256 = 


<> YES 
NO 


PROGRAM ONE 1 m SEC PULSE 


VERIFY 
ONE BYTE 


FAIL 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT NO 
ADDR.? 
ADDRESS cise 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FA 
is DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 
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OKI semiconductor 
MSM27512 


65536 < 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27512 is a 65536 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27512 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 65536 words X 8 bit configuration MAX525 mW (during operation) 

@ Access time: MAX184 mW (during stand-by) 
MAX 120 ns (MSM27512-12) @ Completely static operation 
MAX 150 ns (MSM27512-15) @ INPUT/OUTPUT TTL compatible 
MAX 200 ns (MSM27512-20) (three state output) 


MAX 250 ns (MSM27512-25) 


FUNCTIONAL BLOCK DIAGRAM 


O07 


PIN CONFIGURATION Output buffers 


(Top View) 


Memory matrix 
65536 x 8 bit 


Input buffers 


This specification may be changed without notification. 
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= EPROM -MSM27512 » 


FUNCTION TABLE 


Pins a 
CE OE/Vpp Voc 
(20) (22) (28) Outputs 
Mode 


Output Disable VIL VIH +5V High impedance 


Program VIL 12.5V +6V- DIN 
Program Inhibit VIH +6V High impedance 


—; Can be either Vi,_ or Viy 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias TAieceseetictee esas aeeensad 0o°c ~ 70°C 
Storage Temperature WES) ae ted en eh lee —~55°C ~ 125°C 
All Input/Output Voltages MIN sapenetseineieeeieeos: —0.6V ~ 13.5V 
VOUT -2ascaswi geese eae —0.6V ~ 7V 
Vcc Supply Voltage VGC istbote yi wee ienaees — 0.6V ~7V 
Program Voltage VDD ayeiseisna peer arenes ~0.6V ~14V 


The voltage with respect to GND. 


| 
| 


I 


7 ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Symbol 
win [00 | won 


jvm 200 | | eas, 
pw [or | = [oe 


The voltage with respect to GND 


Operating 


Parameter 
Temperature 


Remarks Symbol 


Vcc Power Supply 
Voltage 


“H” Level Input 


Voltage O°C ~70°C | Voq=5V+5% 


“L” Level Input 
Voltage 
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= EPROM -MSM27512 » 


DC CHARACTERISTICS 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


Limits 


Cc 
=. 


< 
: g 
in —. 
oO of Oo 
3 
> 


Parameter Symbol Conditions 


Input Leakage Current lu 
Output Leakage Current ILO 
Vcc Power Current (Stand-by) ICC; 
Vcc Power Current (Operation) ICC: 


Input Voltage “H” Level 


<= 


yp ax. 


10 pA 


A) 
oO 
3 
> 


.O 


_ 

a 
mn }|O]} rn 
h | 


Input Voltage “L” Level VIL 


Output Voltage “H” Level VOH IOH = —400 pA 
Output Voltage “L’” Level VOL lol =2.1 mA 


AC CHARACTERISTICS 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


Parameter Symbol Conditions 


Address Access ; CE=OE/ Vpp= 
Time ACC | v, 


CE Access Time | tcg 


O 
m 
— 
< 
12) 
se] 
I 
= 
= 
N 
~ 
ol 
—_ 
N) 
re _ 
N 
~ 
oO 
—_ 
N 
—_ 
oO 
N 
~ 
ol 
—_ 
o|® 
N 
® 
a) 
N 
~ 
o 
=— 
is 
N 
or 
Cc 
=) 
= 


NO 
fo) 
© 
NO 
ol 
© 
> 

77) 


al} el 
m 
It 
<= 
= 


OE Access Time toE 


Output Disable t 
Time DF 


QO 
m 
lt 
< 
~~ 
=) 
77) 


NO ‘ 
~ © 

i] 

oO. 

© 

p>) 

na 


ale 

oO 

© 
>) 
n 


Measurement condition 


Input pulse level .........0..........0..0.. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load ......... 0... ee eee 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 

TIME CHART 


Address input 


Data output 
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\ 
i 
7 
i 


= EPROM -MSM27512 » 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L” Level 
Output Voltage “H” Level 


Output Voltage “L” Level 


AC CHARACTERISTICS 
(Vcc = 5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C +5°C) 


Parameter 


Address Set-up Time 
Data Set-up Time 
Address Hold Time 
Data Hold Time 


Output Enable to Output 
Float Delay 


Vpp Power Set-up Time 

CE Initial Program Pulse Width 
CE Program Pulse Width 

CE Overprogram Pulse Width 
OE/Vpp Hold Time 

Data Valid from CE 


OE/Vpp Recovery Time 
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< PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75V ~6.5V, Vpp = 12.5V t0.5V, Ta = 25°C+5°C) 


Symbol 


II. 
Ipp2 


lcc 


= 
aa 


VIL 


tas 


7 
Se 


SI 
t 


tvs 
tpw 
tpw 
toPpw 


tOEH 


tov 


tvR 


VIN =5.25V 
CE = VIL 


Conditions 


Vcec=6V+0.25V 
Vec=6.25V10.25V 


Vec=6V+0.25V 


2.0 
6) 


1 


Limits 


< 
6/39 = 
+ | 0 o | x 


2.85 


— 
(o>) 


~ 
a 
NI 
oO 


6) 
eo) 


_ 
Oo 
Ol 


105 


Unit 


= EPROM -MSM27512 = 


TIME CHART 


Address 


ee ge es 


input/output y 


| cs 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


) 
y 


tOoPW 


CAPACITANCE 


Parameter Unit. 
Input Capacitance 


Output Capacitance 
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= EPROM -MSM27512 = 


START 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 


Vpp = 12.75V 


NO 


PROGRAM ONE 100 »SEC PULSE 


| FAIL VERIFY 
| ONE BYTE 
| 


| pass 
INCREMENT NO 
; LAST ADDR.? 
ADDRESS | 
YES 
| Vcc = 5V 
OE/Vpp = Vit 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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= EPROM -MSM27512 @ 


START 


<> YES 
NO 


FAIL VERIFY 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 
INCREMENT NO LAST ADDR? 
ADDRESS 
YES 


Vcc = 5V 
OE/Vpp = Vi, 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 
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OKI semiconductor 
MSM271000 


131072 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM271000 is a 131072 words x 8 bit ultraviolet erasable and electrically program- 
mable read-only memory. The MSM271000 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 32 pin package. 


FEATURES 


e +5V single power supply 
@ 131072 words X 8 bit configuration 
@ Access time: 


@ Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 


MAX120 ns (MSM27 1000-1 2) e Completely static operation 
MAX150 ns (MSM27 1000-15) e INPUT/OUTPUT TTL compatible 
MAX200 ns (MSM27 1000-20) (three state output) 


PIN CONFIGURATION 
FUNCTIONAL BLOCK DIAGRAM 


—— 
Input buffers 


AoA: “ce = Ais 


This specification may be changed without notification. 
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= EPROM - MSM271000 = 


FUNCTION TABLE 
CE | OE | PGM | vpP | vcc Outputs 
Mode al (22) | (24) | (31) | (1) 


Read VIL VIL 


Le ee 
Output Disable Pvc | vin | — | — | ty High impedance 
Program +12.75V DIN 


Program Verify Vir | Vir | Vin [+12.75V} +6.25V | DouT 


Program Inhibit ViH | — | —_ |#12.75V)+6.25V | High impedance 


NOTES: 
—; Can be either Vi, or Vip 


~! 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Fee a eee oC ~70C 
Storage Temperature TSU! wees ake eal Rae Bae —55°C ~ 125°C 
Ail Input/Output Voltages VIN cae eines oo ees —0.6V ~ 13.5V 
VOUT sosesateh enieceeeeose —0.6V ~ 7V 
Vcc Supply Voltage gl eure er trae reer ere —0.6V ~7V 
Program Voltage NMDO® 5.043. dese taek ee beeen —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Parameter Symbol Min. a wax. | Temperature Remarks Symbol 


Vcc Power Supply 
Voltage Vcc {4.75 
Vpp Voltage Vpp Peon V 


copy . O°C a 70°C V =5V+ 5% 
H” Level Input CC 


V 


“L” Level Input 
Voltage VIL —0.1 


The voltage with respect to GND 
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# EPROM -MSM271000 = 


DC CHARACTERISTICS 
(Voc = 5V+5%, Ta = 0°C ~ 70°C) 


Parameter Symbol Conditions 


Input Leakage Current fc tee he ot oe ih 
Output Leakage Current to | Your=5.25v. | - | - | 10, pA 
Voc Power Current (Stand-by) icc, |CE=vnH | - «| sdf mA 
Voc Power Current (Operation) icc, |CE=vn st =| = fs t0- | mA 
Program Power Current ipp: | Vpp=Veo = | - «| - *| to | BA 
Input Voltage “H” Level Dvn f= | 20] = |Veo+] V 
Input Voltage ‘‘L” Level vi | - f-or | = | os | V 
Output Voltage ‘“H” Level | VoH | lon=-400uA | 24, - | - | V 
Outputvotage“t'Lever | Vor |to-2tma | — | - | om | v 


AC CHARACTERISTICS 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


271000-12| 271000-12| 12/271 271000-15 | 15|271000-20 
Parameter Symbol Conditions Unit 
— en ino on 


Measurement condition | 
Input pulse level ................0.......00. 0.45V and 2.4V 


Ss 


a | 


3 


Ss 


3 


oo } 


S 


Input timing reference level ............... 0.8V and 2.0V 
Output load ......... 0... eee eee eee 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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# EPROM -MSM271000 = 


TIME CHART 


Data output 
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= EPROM -MSM271000 a 


<PROGRAMMING OPERATION> 


DC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Parameter Symbol Conditions 
eos 


Input Leakage Current | te VIN =5.25V p- | - | 10) 
Vpp Power Current CE = PGM = VIL }- | ~ | 50) 


Vcc Power Current Icc pm 100 

Input Voltage “H” Level vm | - «| 20] = [vec+t 
Input Voltage “L” Level VIL ee Ee 
Output Voltage “H” Level VOH Sion=-400nA | 24] - | - | 
Output Voltage “L” Level VOL lol =2.1 mA p= | = | 048 | 


AC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


ee 
Parameter Symbol Conditions 
Typ. Max. 


Address Set-up Time 


ee 
OE Set-up Time toes oe 
Data Set-up Time tps = 
Address Hold Time tAH | = | 
Data Hold Time tDH = 


Output Enable to Output 
Float Delay (DFP 130 


Vpp Power Set-up Time 


< 
O 


Program Pulse Width 


CE Set-up Time 


Data Valid from OE tOE 


—_ 
Oo 
oC 
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Unit 


BS 
KS 
KS 
BS 
KS 


ns 


KS 
MS 


MS 


ns 


= EPROM -MSM271000 = 


TIME CHART 


Address 
input 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


MSM271000 IDENTIFIER BYTES 
Ao D, Ds D; D, D3 D, Do Hex 
(12) (21) (20) (19) (18) (17) (15) (13) Data 
Manufacter 
el oe 


. Ag=12.0+0.5V 
2. Ay ~ As, Ato ~ Aig, CE, OE = Vy, PGM = Vip OR Vjz, Vpp = Vip OR Vi 


Parameter Unit. 


Input Capacitance 


Output Capacitance 


Device Co 
1 


Notes: 


S11 


| = EPROM -MSM271000 = 


ADDRESS = FIRST LOCATION 


Vpp = 12.75V 


X=0 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


i pass 
: INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OKI semiconductor 
MSM271024 


65536 < 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM271024 is a 65536 words x 16 bit ultraviolet erasable and electrically program- 
mable read-only memory. The MSM271024 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 40 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 65536 words X 16 bit configuration MAX630 mW (during operation) 

© Access time: MAX184 mW (during stand-by) 
MAX120 ns (MSM271024-1 2) @ Completely static operation 
MAX150 ns (MSM271024-15) @ INPUT/OUTPUT TTL compatible 
MAX200 ns (MSM27 1024-20) (three state output) 


PIN CONFIGURATION 
FUNCTIONAL BLOCK DIAGRAM 


Input buffers 


AoA: Ais 


This specification may be changed without notification. 
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= EPROM -MSM271024 » 


FUNCTION TABLE 

os OE | PGM | VPP | vcCc Outputs 
Mode ae a (1) (40) 
Read ra L VIL | L | +5V | | +5V_ |DouT 


Output Disable ee +5V_ | High impedance 
| Stand-by PMH | — | — | =) +5V_ | High impedance 
| Program +6.25V | Din 

Program Verify DOUT 

Program Inhibit Vin | — | — /12.75V) +6.25v | High impedance 


NOTES: 
—; Can be either Vj_ or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Wane irre alate tae eres o°c~70°C 
Storage Temperature St sock eiase ceusleneaes —-§5°C ~ 125°C 
All Input/Output Voltages WINE. 2:ecasd-d- Spee ene eee —0.6V ~ 13.5V 
VOUT st se5uen eer eee ‘0 6V ~ 7V 
Vcc Supply Voltage VEC sda ehapieascanwnse —0.6V ~7V 
Program Voltage NOD li rovdes osdoeawuaeaok —0.6V ~14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


eee O ti 
Parameter Symbol perarng Remarks Symbol 


pM: Hompersture 
Vcc Power Supply 
Voltage 4.75 5.0 5.25 


V 
~ 70°C | Voc=5V+0.25V 
“H” Level Input 
“L” Level Input 


The voltage with respect to GND 
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w EPROM - MSM271024 a 


DC CHARACTERISTICS 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


tins 
Unit 
in | te [wo 
Input Leakage Current tu | vin=s2sv | - | = | to) pA 
Output Leakage Current flo | Vour=s.2ev. | - | - | 10. uA 
Voc Power Current (Stand-by) icc, | =vn of - | - | 8 | mA 
Vcc Power Current (Operation) tcc. |= - «| F120 | mA 
Program Power Current ipo, | Vpp=Vec == | - «| «ft | pA 
Input Voltage ‘“H” Level re ee ee V 
Input Voltage “L’ Level pve f= for | - | 08 | V 
V 
V 


Parameter Symbol Conditions 


Output Voltage “H” Level VOH IOH =—400 pA p= | 
Output Voltage “L” Level VOL lol =2.1 mA Le 0.45 


AC CHARACTERISTICS 
(Voc =5V+5%, Ta =0°C ~ 70°C 


271024-12 12/271 271024-15| 15 |271024-20 
Parameter Symbol Conditions Unit 

in. [a [win [a in [ 
Address Access Time tacc | CE=OE= 


s 


m 
= 
C 
ok 
ND 
Oo 
_ 
On 
° 
N 
i 
ro) 
JS 


a) 


S 


| 


OE Access Time CE =Vi, S 


Measurement condition 


a 


Ss 


Input pulse level ......................0005 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OulputlOad: s.ccieevsuen tsadesbinearetek ss 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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= EPROM -MSM271024 » 


TIME CHART 


Address input 


OE 


Data output 
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= EPROM -MSM271024 @ 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


a 
Parameter Symbol Conditions Unit 


Input Leakage Current piu [vn VIN =5.25V Sr ee pA 


Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L” Level 
Output Voltage “H” Level 


Output Voltage ‘“‘L” Level 


AC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Parameter Symbol Conditions 


Cc 


nsvesshostine fw | fe | -| |» 
Aerie 


Vpp Power Set-up Time 


PGM Program Pulse Width tpw 


GE Seta Time toes | 2| -| =| « 


Output Enable to Output t 
Float Delay DFP 
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w EPROM -MSM271024 = 


TIME CHART 


Address 
neat ( ADDRESS N » 


7 CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


MSM271024 IDENTIFIER BYTES 


Dis as Ds D, De D, D, D, Do Hex 
(3) ~ (10) (12) | (13) (15) (17) | (18) | (19) Data 


Parameter 


Input Capacitance pF 


Output Capacitance 


O~ 


Notes: 1. Ag=12.0+0.5V 
2. A; ~ Ag, Ato ~ Ais, CE, OE = Vi_, PGM = Vix OR Vj, Vpp = Vy OR VIL 
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= EPROM -MSM271024 o 


ee 


NO 
ONE 100 uSEC 


VERIFY 
ONE BYTE 


PROGRAM PULSE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OKI siliiaatemeitieaiaiiaan 
MSM27C256 


32768 < 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27C256 is manufactured by the CMOS double silicon gate 
technology and is contained in the 28 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 32768 words x 8 bit configuration MAX165 mW (during operation) 

@ Access time: MAX0.55 mW (during stand-by) 
MAX 100ns (MSM27C256-10) - @ Completely static operation 
MAX 120 ns (MSM27C256-12) @ INPUT/OUTPUT TTL compatible 
MAX 150 ns (MSM27C256-15) (three state output) 


MAX 200 ns (MSM27C256-20) 
MAX 250 ns (MSM27C256-25) 


FUNCTIONAL BLOCK DIAGRAM 


O07 


PIN CONFIGURATION : 


(Top View) 


Memory matrix 
32768 X 8bit 


Input buffers 


This specification may be changed without notification. 
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FUNCTION TABLE 


CE OE Vpp 
(20) (22) (1) 

Mode 
+5V 


= EPROM -MSM27C256 = 


Vcc 
(28) Outputs 
+5V 


Output Disable VIL VIH +5V +5V High impedance. 
Stand-by Vin p= | ay | av High impedance 
Program Verify VIH VIL +6V Dout 

Program Inhibit VIH VIH +6V High impedance 


—; Can be either Vj, or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Ue hee ck rata Mute a ce an cand 
Storage Temperature TSG davctncn suena sa mans 
All Input Voltage VIN) Aeeba eectowagewe ean 
All Output Voltage VOUT 22.4 52800 See uate aes 
Vcc Supply Voltage VOC eareccutSarenseen eter 
Program Voltage VDD® wade suas 3 rechieg vent 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Parameter Symbol 
[Min | Typ. | Max. | 


Vcc Power Supply 
Voltage Vcc 


Vpp Voltage Vpp 


“H” Level Input ' 5 Vec | OG ~ 70°C 
Voltage IH 0 +0.5 


“L” Level Input 


The voltage with respect to GND 


Operating 
Temperature 


o°C~70°C 
—55°C ~ 125°C 
—0.6V ~ 13V 
—0.6V ~ Vcc +0.5V 
~0.6V ~7V 
—~0.6V ~14V 


Remarks Symbol 


V 

V 
Voc=5V +10% 
Vpp=VCC V 

V 
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i 
7 
7 


= EPROM -MSM27C256 = 


DC CHARACTERISTICS 
(Vcc = 5V£10%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Limits 
Parameter Symbol Conditions Unit 


Input Leakage Current 
Output Leakage Current 
Vcc Power Current (Stand-by) Icc, 
Vcc Power Current (Operation) icc. 


mo | don 
a |= | oO 
GRRE 
OD 
3 5 
(ee) 
$|8 =| x 
3/1 = 
>i > > 


Program Power Current Ipp: ae pA 
Input Voltage ‘“‘H” Level fa tS | — | Yee | V 
input Voltage “L’ Level a ae | = | os | V 
Output Voltage ‘‘H” Level at - | -_ V 
Output Voltage “L” Level | = | 0.45 V 


AC CHARACTERISTICS 
(Vcc = 5V£10%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


| 276256-10 10 | 27C256-12 | 27C256-15 | 27C256-20 | 27C256-25 
cece ia (a iS SCS “ 


Se a ee eae 
eereen ie foerva | = [eo] = [w= [wo] = [ae 


OE co ECE Cece Gece 
Se 


Measurement condition 


Input pulse level ................. 0... e eee 0.45V and 2.4V 
input timing reference level ............... 0.8V and 2.0V 
OUIDUTIOAG)  jiichosssnin en Corda wae ete aumates 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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TIME CHART 


Address input 


Data output 


= EPROM -MSM27C256 = 
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i 
7 
i 


= EPROM -MSM27C256 @ 


< PROGRAMMING OPERATION > 


DC CHARACTERISTICS ; 
(Vcc =5.75V ~6.5V, Vpp = 1 2.5V+0.5V, Ta = 25°C+5°C) 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L’” Level 
Output Voltage “H” Level 


Output Voltage “L” Level 


AC CHARACTERISTICS 
(VCC = 5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter 


Address Set-up Time 
OE Set-up Time - 
Data Set-up Time 
Address Hold Time 
Data Hold Time 


Output Enable to Output 
Float Delay 


Vpp Power Set-up Time 
CE Initial Program Pulse Width 


CE Program Pulse Width 


CE Overprogram Pulse Width 


Data Valid from OE 
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ILI 
Ipp2 


~ 

= 
| 

fo) 


VOH IOH = —400 pA 


VOL 


Symbol 


mn , a 
=) : 


tas 
toES 
tps 
TAH 
(DH 


'DFP 


tvs 


-- 
: 


W 


tpw 


ad 


fal 
m 
I 
< 
C 
ml 
m 
ll 
< 
ne 
~~ 
° 
< 
5 
oO 
O 


Conditions 


Vec=6V+0.25V 


Vcc=6.25V+0.25V 


Vec=6V+0.25V 


130 


~ 
@ 
NI 
oO 


Unit 


Unit 


KS 
Bs 
KS 
KS 
KS 


ns 


BS 
ms 
Us 

ms 


ns 


= EPROM - MSM27C256 = 


TIME CHART 


Address 
input/output 
oe 


Vpp 
tvs 


topw 
{pw 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 


Input Capacitance 


Output Capacitance 
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= EPROM -MSM27C256 = 


NO 
PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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INCREMENT 
ADDRESS 


= EPROM - MSM27C256 = 


START 
ADDRES = FIRST LOCATION 


Vpp = 12.5V 


NO 
PROGRAM ONE 1 mSEC PULSE 


VERIFY 
ONE BYTE 


FAIL 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 
= LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL } 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (11) 
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OKI semiconductor 
MSM27C256H 


32768 < 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C256H is a 32768 words x 8 bit ultraviolet erasable and electrically 


programmable read-only memory. The MSM27C256H is manufactured by the CMOS double 
silicon gate technology and is contained in the 28 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 32768 words < 8 bit configuration MAX525 mW (during operation) 

@e Access time: MAX184 mW (during stand-by) 
MAX 55 ns (MSM27C256H-55) e Completely static operation 


MAX 70 ns (MSM27C256H- 70) ®@ OUTPUT TTL compatible 


(three state output) 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


Output buffers 


(Top View) 


Memory matrix 
32768 X 8bit 


This specification may be changed without notification. 
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= EPROM -MSM27C256H a 


FUNCTION TABLE 


Read VIL Vit | sev | tev Dout 
Output Disable VIL VIH +5V +5V High impedance 
Stand-by pov fo] +5V High impedance 
Program VIL VIH +6V DIN 
Program Verify VIH VIL +6V Dout 
Program Inhibit VIH VIH +6V _ High impedance 


—; Can be either Vj, or Viz 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias oT die te te dk en Oe oae aac o°c~70C 
Storage Temperature PSIG et algerie. cote aes —55°C ~ 125°C 
All Input Voltage WIN: 2cotxcessotulesrtacus —0.6V ~ 13V 

All Output Voltage VOUT ihes2ereeeutnewaus -0.6V ~ Voc + 0.5V 
Vcc Suply Voltage VGC wetsselsstaal Gun Kaen -0.6V ~ 7V 
Program Voltage Vpp ee ee ee ee —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


p Limit Operating 
aramet 
er Symbol in. | =H Temperature Remarks Symbol 


Vcc Power Supply | 
Voltage Vcc 4.75 5.0 5.25 V 


° ° Voc=5V+5% 
“H” Level Input o°c ~ 70°C Vop=V 
“L” Level Input 


The voltage with respect to GND 
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= EPROM -MSM27C256H = 


DC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Parameter Symbol Conditions 

Min. | typ. | Max. 
Input Leakage Current Pu | vn=s2sve | - «| - | 10 | 
Output Leakage Current / to | Vour=5.28v. | - | - | 10) 
Vcc Power Current (Stand-by) CE=Vip f=10MHz 
Vcc Power Current (Operation) 
Program Power Current i aa. 
input Voltage ‘“H” Level cs er 
Input Voltage “L’” Level pp eels 
Output Voltage “H” Level 
Output Voltage “L” Level 


AC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


27C256H-55 27C256H-70 
Parameter Symbol} Conditions tere Unit 


ccc ral ee OE=V 


Measurement condition 


n 


=) 
7) 


S 
n 


input pulse level ......................008. OV and 3.0V 

input timing reference level ............. . .0.8V and 2.0V 
OuIDUIIOAG io) escrete aiiweolesowdo ne teas 1TTL GATE + 30pF 
Output timing reference level.............. 0.8V and 2.0V 
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= EPROM -MSM27C256H 
TIME CHART 


Data output 
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= EPROM -MSM27C256H = 


< PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75 ~ 6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


| 


Parameter | Symbol Conditions Unit 
Min. | Typ. | Max. 

Input Leakage Current piu | vin=s2sv.— | - «| - | 10 | pA 
vo ower Coren oe | 6e=wu.68-ve| | — | 20 | mm 
Input Voltage “H” Level VIH p= | 20] = Juco eo V 
Input Voltage “L” Level VIL fe —0.1 | - | 08 | V 
Output Voltage ‘‘H” Level | Von | ton=-4ma | 2a] - | - | V 
Output Voltage “L” Level VOL lOL = 8mA |= | - | os | V 


AC CHARACTERISTICS 
(Voc =5.75V~6.5V, Vpp = 12.5V+£0.5V, Ta = 25°C+5°C) 


Parameter Symbol Conditions 


> 
aT HE 
Nh 
o 
< 


Address Set-up Time tas 


= 
” 


OE Set-up Time 


.~ 
” 


Data Set-up Time 


Address Hold Time 


_ a 
fo) o 
ak = 
pe) 
3 x 

x 

i¢7) 


us 
Data Hold Time toH us 
Output Enable to Output 
Float Delay (DFP id 
Vpp Power Set-up Time us 
CE Initial Program Pulse Width tpw |Vcc =6V +0.25V 1.05 | ms 
CE Program Pulse Width tpw Vec aor = 100 | 105 | us 
CE Overprogram Pulse Width topw | Vcc =6V + 0.25V 78.75 | ms 


Data Valid from OE ns 


=, 
on 
oO 
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= EPROM -MSM27C256H 


TIME CHART 
i a es 
ee ee 


| 4 DATA INPUT 
input/output Pee 


Vpp 
tvs 
CE 
t 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter Unit. 


Input Capacitance 


Output Capacitance 
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= EPROM -MSM27C256H = 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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» EPROM - MSM27C256H = 


VERIFY ~ 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT 
ADDRESS 


NO 
LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (11) 
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OKI semiconductor 
MSM27C1024 


65536 < 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C1024 is a 65536 words X 16 bit ultraviolet erasable and electrically programmable 
read-only memory. Users can freely prepare the memory content, which can be easily changed, so 
the MSM27C1024 is ideal for microprocessor programs, etc. The MSM27C1024 is manufactured by 
the CMOS double silicon gate technology and is contained in the 40 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 65536 words xX 16 bit configuration MAX 165 mW (during operation) 

e Access time: MAX 5.5mW (during stand-by) 
MAX 120 ns (MSM27C1024-12) e Completely static operation 
MAX150 ns (MSM27C1024-15) @ INPUT/OUTPUT TTL compatible 
MAX200 ns (MSM27C1024-20) (three state output) 


PIN CONFIGURATION 


FUNCTIONAL BLOCK DIAGRAM 


This specification may be changed without notification 
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= EPROM -MSM27C1024 = 


FUNCTION TABLE 


ne OE | PGM | VPP Outputs 
Mode (2) (20) (39) | (1) (40) 

Read Vit | VIL VCC | +5V_ | DoUT 

Output Disable VIL VIH Vcc High impedance 
Stand-by PV | — | — | Voc | +5v | High impedance 
Program Verify VIL DOUT 

Program Inhibit — | /+12.75V] +6.25V | High impedance 


NOTES: 
—; Can be either Vj, or ViH 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias 7: ES ee en ene en ee 0°c ~ 70°C 
Storage Temperature WS1Gs 0 enh eige Poet Bienes —55°C ~ 125°C 
All Input/Output Voltages VINE VOUT Se sssestieee es xa VIN =—0.6V ~ 18V, 
VOUT = -0.6V ~ Vcc + 0.5V 
Voc Supply Voltage VGC Beet tihe tan tovees or, —+0.6V ~7V 
Program Voltage VDD oc 's.5c Sates aeumeiot re thane —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS | 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


ela Operating 


Symbol ‘win. | Typ. | Max. Temperature Remarks Symbol 


Vcc Power Supply 
Voltage Vcc |4.5 5.0 | 55 


Parameter 


V 
vows | von [48 | 80 | 55 
0°C ~ 70°C \Vcc=5V+0.5V 
“H” Level Input a 
“L” Level Input 


The voltage with respect to GND 
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= EPROM -MSM27C1024 » 


DC CHARACTERISTICS 
(Voc = 5V+10%, Ta = 0°C ~ 70°C) 


Parameter Symbol Conditions 


im [1 
Input Leakage Current : ly Vin=s8v0 | 
Output Leakage Current ILa Vour=55v | 
Vcc Power Current (Stand-by) ) icc, | CE=Veo | - 
Vcc Power Current (Operation) icc, |CE=VWN sf KC 
Program Power Current eee Vpp=Vcc | | 
Input Voltage ‘‘H” Level VI SS ee 
Output Voltage “H” Level Pen nm [ee = = 
Output Voltage “L” Level | Vor flor=21ma | — | — | 048 | 


AC CHARACTERISTICS 
(Voc =5V+10%, Ta =0°C ~ 70°C) 


27C1000- er aa saad 
Parameter Symbol Conditions 2 
eetaachet 


CE Access Time ace EVIL 


OE Access Time foe. | p= [| -| 2) - | 


Output Disable Time tpF 


Measurement condition 


Input pulse level ..........0....0.. 00.0008. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Outputload 3-35.55 see eee etd eee cae sae 1TTL GATE + 100pF 
Output timing reference level ..... sieges t 0.8V and 2.0V 
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Unit 


<;~<}/< |<] 


Unit 


5 


S 


ns 


ns 


ns 


= EPROM -MSM27C1024 = 


TIME CHART 


Data output 
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= EPROM -MSM27C1024 = 


D 


C CHARACTERISTICS 


(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Conditions 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L’ Level 
Output Voltage “H” Level 


Output Voltage ‘“‘L” Level 


AC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 
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Parameter 


Address Set-up Time 
OE Set-up Time 

Data Set-up Time 
Address Hold Time 
Data Hold Time 


Output Enable to Output 
Float Delay 


Vpp Power Set-up Time 
PGM Program Pulse Width 
CE Set-up Time 


Data Valid from OE 


Symbol 


Min. | Typ. | Max. 


ee 
|e | ce-PaM=vu | - | - | 0 | 
ae See 
vm | = | 20] - | vooos 
pv | = for | = | os 
| Von |ton=-s00ua | 24] = | - 
| vou |tou=21ma | - | - | 04s 


Symbol 


Conditions 


Limits 


in| 90, [a 


Ss 


ns 


= EPROM -MSM27C1024 a 


TIME CHART 


Address 
fh ( ADDRESS N > 


Peg 


input/output 


Vpp 
me tvs 
CE 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc ¥ 5V) 


Parameter 


MSM27C1024 IDENTIFIER BYTES 
Ao D5 ~ D, Ds Ds D3 D. D, Do Hex 
(21) Bo dG (12) fe rr £7 (17) | (18) | (19) Data 

oS EEN EY ED HED A HC 


Notes: 1. AJg=12.0+0.5V 
2. A, ~ Ag, Aig ~ As, CE, OE = Vi_, PGM = Vizy OR VL, Vpp = Vcc 
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= EPROM -MSM27C1024 = 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 


Vpp = 12.75V 


X 


=0 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass | 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OKI semiconductor 
MSM27C2000 


262144 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C2000 is a 262144 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2000 is manufactured by CMOS double 
silicon gate technology and is contained in the 32 pin package. 


FEATURES 

@e +5V single power supply @ Power consumption: 

@ 262,144 words x 8 bit configuration MAX385 mW (during operation) 

@ Acces time: MAX28 mW (during stand-by) 
MAX100 ns (MSM27C2000-10) ® Completely static operation 
MAX120 ns (MSM27C2000-12) @ INPUT/OUTPUT TTL compatible 
MAX150 ns (MSM27C2000-15) (three state output) 


PIN CONFIGURATION 
FUNCTIONAL BLOCK DIAGRAM 


O7 


Output buffers 


Memory matrix 
262144 x 8 bit 


Input buffers 


AoA: ~---—- Aj 


OE 


This specification may be changed without notification. 
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# EPROM -MSM27C2000 s— 


FUNCTION TABLE 


Mode i 7 (31) | (1) | (82) 

Read VIL | VIL | [sev | sev DOUT 

Output Disable / Vir | Vin | — | +5V | +5V_ | High impedance 
Stand-by Vin | — | — | +5 | +5V_ | High impedance 
Program Verify ViL_ | VIH_ |+12.75V] +6.25V | DouT 
Program Inhibit Vin | — | — |H275v +6,25V | High impedance 


NOTES: 
—; Can be either Vj__ or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Vans tae Sacer ea eae oc~ 70°C 
Storage Temperature TSUG: sod ve sone seaeuteue wees —55°C ~ 125°C 
All Input/Output Voltages WIN. oiteerae Cae eee eens —0.6V ~ 13.5V 
'q Vigeer er res oe ree re ae -0.6V ~ Voct0.5V 
Vcc Supply Voltage VGC strode eas -0.6V ~ 7V 
Program Voltage NOD! ijiavtvcewitentdhedeauas —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


ou: Operating 


Vcc Power Supply 
Voltage a 4.5 5.0 


Parameter 


V 
Vpp Voltage V 
= Level Input 0O°C om 70°C Voc=5V+ 5% 


“L” Level Input ; 


The voltage with respect to GND 
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= EPROM -MSM27C2000 » 


DC CHARACTERISTICS 
(Vac = 5V£10%, Ta = 0°C ~ 70°C) 


Limits 


Parameter Symbol Conditions ptimits Unit 
in [tm [ Won 

Input Leakage Current ee eee pA 
Output Leakage Current Ce a pA 
Vcc Power Current (Stand-by) tcc, |Te=wm of - | - | 8. mA 
Vcc Power Current (Operation) icc, | CE=vn—(issiédt «dL CK dO mA 
Program Power Current ce ae ee ee bA 
Input Voltage “L” Level Pa [= 
Output Voltage ‘“‘H” Level | VoH | loH=-400 pA 


Output Voltage “L” Level VOL lol =2.1 mA 


nw lo 
ph an 


AC CHARACTERISTICS 
(Voc = 5VE10%, Ta = 0°C ~ 70°C) 


'27¢2000-10] 0 | 27C200-12 | 2 | 27C2000-15 
Parameter Symbol Conditions Unit 
min [max | win [ax [Min [Ma 


Measurement condition 


i 


3 


) 


=) 


S 


S 


S 


Input pulse level ..................0..0008- 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output lOAG) ge sis ciate eae ews 1TTL GATE + 100pF 
Output timing reference level ..............0.8V and 2.0V 
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= EPROM -MSM27C2000 = 


TIME CHART 


Address input 


OE 


Data output 
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= EPROM - MSM27C2000 » 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Unit 
min. | Typ. | Max. 
Input Leakage Current Pin fvn=ssv =f - | - | 10) pA 
Vpp Power Current CE = PGM = VIL p= | = | 50) mA 
Input Voltage “H” Level vu | - | 20] - [Veco V 
Input Voltage “L’ Level Pw | o- for] = | os | V 
Output Voltage “‘H” Level | VoH |lon=-400uaA | 24] - | - | V 
Output Voltage “L” Level Vor |lor=2tma =| - | — | 04s | V 


AC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Parameter Symbol Conditions 


Limits 


Parameter Symbol Conditions ptimits Unit 
jin. | Typ. | Max. 
OF Se Tn co ee EW aR 
Data Set-up Time tos Pl PH us 
Address Hold Time tAH F=f | CH | us 
Dt ol Tn rom | - |e |-| -|« 


Output Enable to Output t 
Float Delay DFP 


Vpp Power Set-up Time tys 


PGM program Pulse Width et 


CE Set-up Time 


Data Valid from OE tOE 
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Hl 

‘ 

7 
t 


# EPROM -MSM27C2000 a 


TIME CHART 


Address 
input 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


CouT VouT = 0V 


Parameter 


Input Capacitance 


Output Capacitance 


MSM27C2000 IDENTIFIER BYTES 


pt fol 


2. Ai ~As, Ao ~ Ariz, CE, OE = Vit, PGM = Vip OR Vj._, Vpp = Vcc 


Notes: 1. A,=12.0+0.5V 
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= EPROM -MSM27C2000 = 


<> YES 


NO 


PROGRAM ONE 100 uSEC PULSE 


X=X+1 


VERIFY 
ONE BYTE 
pass 


LAST ADDR.? 
YES 


Vcc = 5V 


INCREMENT 
ADDRESS 


Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OKI semiconductor 
MSM27C2048 


131072 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C2048 is a 131072 words =< 16 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2048 is manufactured by CMOS double 
silicon gate technology and is contained in the 40 pin package. 


FEATURES 

@ +5V single power supply @ Power consumption: 

® 131072 words x 16 bit configuration MAX550 mW (during operation) 

@ Acces time: MAX28 mW (during stand-by) 
MAX100 ns (MSM27C2048-10) @ Completely static operation 
MAX120 ns (MSM27C2048-12) @ INPUT/OUTPUT TTL compatible 
MAX150 ns (MSM27C2048-15) (three state output) 


PIN CONFIGURATION 
FUNCTIONAL BLOCK DIAGRAM 


This specification may be changed without notification. 
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= EPROM -MSM27C2048 a 


FUNCTION TABLE 

a OE PGM va VCC Outputs 
Mode cs Po (40) 
Read | +5V | +5V_ | DouT 


Output Disable Pai | =a a High impedance 
Stand-by Vin | — | — | 45 +5V_ | High impedance 
Program ceCee a +6.25V | DIN 

Program Verify DOUT 

Program Inhibit Vin | — | 2.75v| +6,25V | High impedance 


NOTES: 
—; Can be either Vi, or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias i i: eer are ere ara ee rE o°c~70°C 
Storage Temperature TSO oh fe tte gt ot attra —55°C ~ 125°C 
All Input/Output Voltages VIN 220 eats eae —0.6V ~ 13.5V 
VOUT 36 -oae ieee te ies —0.6V ~ VCC +0.5V 
Vcc Supply Voltage VGC Sadie ie Giiev bantu —0.6V ~7V 
Program Voltage VDD? 2 achetalar aot sth —0.6V ~14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


eal Operating 


Symbol rin. | Typ. | Max. Temperature Remarks Symbol 


Vcc Power Supply 
Voltage Voc | 45 5.5 
vovetoge | vow [ae | 60 | 65 


o°c ~ 70°C VCC=5V+10% 
“H” Level Input Vpp=V 
“L” Level Input 


The voltage with respect to GND 


Parameter 
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| 
7 
' 


EPROM -MSM27C2048 = 


DC CHARACTERISTICS 
(VOC = 5V410%, Ta = 0°C ~ 70°C) 


Parameter 


Input Leakage Current 

Output Leakage Current 

Vcc Power Current (Stand-by) 
Vcc Power Current (Operation) 
Program Power Current 

Input Voltage ‘“‘H” Level 

Input Voltage “L’ Level 

Output Voltage “H” Level 


Output Voltage ‘“‘L” Level 


AC CHARACTERISTICS © 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


'2702048-10 0 2702048-12 2 | 27C2048-15 
Parameter Symbol Conditions 


Min. [Max [Min [Max.| Min.[ Max | 


CE Access Time 


Address Access Time taCC 


OE Access Time 


Output Disable Time tor |e CE =Viz, 


Measurement condition 


552 


input pulse level ............ 
Input timing reference level . 
Output load ................ 
Output timing reference level 


Symbol 


Limits 


90, [Ma 


ro [wee [= [-[ 
cn 
Pec [em |-]-| 5) 
ec. [oem |= | - | 
fo [wove [=m 


VIH 


lol =2.1 mA 


= | 


0.45V and 2.4V 

0.8V and 2.0V 

1TTL GATE + 100pF 
0.8V and 2.0V 


po | 


s 


| 


Ss 


= | 


S 


3 


Ss 


TIME CHART 


Address input 


OE 


Data output 


m EPROM -MSM27C2048 = 
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= EPROM -MSM27C2048 a 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


pom 
Parameter Symbol Conditions Unit 
i [an 
| Input Leakage Current Pace 4 VIN = }- | = | 10° pA 
| Vpp Power Current CE = PGM = Vic }- | - | 80 | mA 
Vcc Power Current ICC p= = = | 100 | mA 
Input Voltage “H” Level VIH P= | of = | Voc10.5 V 
Input Voltage “L” Level Pv | = fon] =] 08 | V 
Output Voltage “H” Level a taeeeee ta er V 
Output Voltage “L” Level VOL lol = 2.1 mA |- | - | 0.45 V 


AC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Limits 
Parameter Symbol Conditions Unit 
Max. 


Address Set-up Time 


i 
Ae) 


opel 
= 
7) 


OE Set-up Time 


re [-[- |e 


ee ee 
PGM Program Pulse Width two | | 98] 100] 108 | Ms 
Date Valid from OE i. a aa eae ‘ 


Address Hold Time tAH 
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= EPROM -MSM27C2048 = 


TIME CHART 


Address 
nat | ADDRESS N y 


Data b 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Notes: 1. Ajg=12.0+0.5V 
2. A, ~ Ag, Ato ~ Aig, CE, OE = Vi_, PGM = Vij OR Vit, Vpp = Vec 
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= EPROM -MSM27C2048 a 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 
| | | Vpp = 12.75V 


X=0 


PROGRAM ONE 100 uwSEC PULSE 


FAIL VERIFY 
ONE BYTE 


YES 
NO 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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OKI semiconductor 
MSM2764AZB 


8,192 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM2764AZB is a 8,192 words xX 8-bit electrically programmable read-only memory. The 


MSM2764AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 


(OKI can provide programming service as per customer’s request.) 


FEATURES 

@ +5V single power supply @ Power consumption: 

® 8,192 words X 8-bit configuration MAX525 mW (during operation) 
@ Access time: MAX150 ns MAX184 mW (during stand-by) 


® Completely static operation 

@ INPUT/OUTPUT TTL compatible 
(3-state output) 

@ 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


O- 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
8192 x Bbit 
Input buffers 


This specification may be changed without notification. 
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= OTP -MSM2764AZB = 


FUNCTION TABLE 


Output Disable VIL 


PGM Vpp Vcc | 


+5V Dout 


+5V High impedance 


Program VIL 


Program Verify VIL 


VIL +12.5V 


Vi +12.5V 


+6V DIN 


+6V Dout 


Program Inhibit VIH he I ed +12.5V High impedance 


—; Can be either Vij__ or Viy 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias 
Storage Temperature 

All Input/Output Voltages 
Vcc Supply Voltage 
Program Voltage 


The voltage with respect to GND. 


<READ OPERATION > 


RECOMMENDED OPERATION CONDITION 


Parameter Symbol 


Vcc Power Supply 75 
Voltage 

“H” Level Input 

Voltage VIH 2.00 


Tstg 


| 7 ELECTRICAL CHARACTERISTICS 


ie 


Ce 


o°c ~ 70°C 
—§5°C ~ 125°C 


“L” Level Input 


The voltage with respect to GND. 
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Operating 
| Max. | Tem perature 


V 

V 
VCC=5V+5% 
Vpp=Vcc V 

V 


Remarks Unit 


a OTP -MSM2764AZB a 


DC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Limits 
Parameter Symbol Conditions Unit 
Typ. 


Min. | 
Input Leakage Current LI Pvin=s.25v0 | — | 
Output Leakage Current ILO | Vour=5.26v. | — | - 
Vcc Power Current (Stand-by) icc; /CE=VH | 
Vcc Power Current (Operation) ICC. 


Program Power Current 


<= 
© 
»< 


Input Voltage “H” Level 


Output Voltage “H” Level VOH IOH =—400 vA p24] — | 


Output Voltage “L” Level VOL lol =2.1mA Pie 


< 
= 


SiS 
i 
N 
oO 
< 
@) =_ 
3 
> 


AC CHARACTERISTICS 
(Vcc =5V+5%, Vpp = Vcc, Ta =0°C ~ 70°C) 


Address Access Time taco | CE=OE=Wy.PGM=Viq | 
Output Disable Time )tpr | CE=VL PCM | 


TIME CHART 


Data 


output 


Measurement condition 


Input pulse level .......................0.. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OuipubleaG. o.n4sysaGswetindet oeraeeeeeiad 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Voc = 5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L’ Level 
Output Voltage “H” Level 


Output Voltage “L” Level 


AC CHARACTERISTICS 
(Voc = 5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 
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Parameter 


Address Set-up Time 
OE Set-up Time 

Data Set-up Time 
Address Hold Time 
Data Hold Time 


Output Enable to Output 
Float Delay 


Vpp Power Set-up Time 
PGM Initial Program Pulse Width 


PGM High Speed Initial 
Program Pulse Width 


PGM Overprogram Pulse Width 
CE Set-up Time 


Data Valid from OE 


< 
é 


N 
i 


H 
VOL 


Symbol 


lOH =—400 pA 


lol =2.1 mA 


us | 


a 
op) 


iPpw 


topw 


tCcES 
{OE 


Vcc =6V + 0.25V 


Veco =6.25V + 
 0.25V 


Voc =6V + 0.25V 


Limits 


NO 

=) 

< 
oO -_—b 
\ = e, 
of rs) Oo 


0.95 


2.85 


Ee 


yp. 


—_ 
O 


100 


Max. 


cct 


© 
gs 


—h 
1g) 
oO 


150 


Unit 


LS 
ES 
LS 
LS 
Ls 
ns 


Bs 


ms 


LS 


ms 


MS 


ns 


m OTP -MSM2764AZB a 


TIME CHART 


Address 
neue 4 ADDRESS N » 


Data & DATA INPUT 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 


Symbol Min. Typ. Max. 


Input Capacitance 


Output Capacitance 
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= OTP -MSM2764AZB 


ADDRESS = FIRST LOCATION 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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2 OTP -MSM2764AZB 


START 
ADDRES = FIRST LOCATION 


<> YES 
NO 


PROGRAM ONE 1 mSEC PULSE 


FAIL VERIFY 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT 
ADDRESS 


= LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 
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OK I semiconductor 
MSM27128AZB 


16,384 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM271 28AZB is a 16,384 words X 8-bit electrically programmable read-only memory. The 
MSM27128AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 


(OKI can provide programming service as per customer’s request.) 


FEATURES 

@ +5V single power supply @® Power consumption: 

® 16,384 words X 8-bit configuration MAX525 mW (during operation) 
@ Access time: MAX150 ns | MAX184 mW (during stand-by) 


®@ Completely static operation 

@ INPUT/OUTPUT TTL compatible 
(three state output) 

@ 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


This specification may be changed without notification. 
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= OTP -MSM27128AZB 


FUNCTION TABLE 


Read VIL VIL a Dout 

Output Disable VIL VIH VIH +5V +5V High impedance 
Stand-by VIH Po fo +5V High impedance 
Program VIL VIH VIL +6V DIN 

Program Verify VIL VIH +6V Dout 

Program Inhibit VIH Po - |= | atv | +6V High impedance 


—; Can be either Vj, or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Teles use earenieateasoe ear ere baat: 0o°c ~ 70°C 
Storage Temperature TSG ict teeta tect vas —5§5°C ~ 125°C 
All Input/Output Voltages VIN, VOUT See eines heeds -0.6V ~ 13.5V 
Vcc Supply Voltage VOC fre becostensnetennus —0.6V ~7V 
Program Voltage VDD: saedecmpate btu heen ss —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 


om Operating 


Parameter Symbol Remarks Symbol 


Voc Power Supply 


V 
Vpp Voltage | vpp [475 | 5.0 5.25 | V 
samme [om [om | = [em , 
se [a fo) lo } 


The voltage with respect to GND. 
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= OTP -MSM27128AZB = 
DC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 
Parameter Symbol Conditions Unit 
in [6 [Wo 
Input Leakage Current p= | 10 | pA 
Output Leakage Current | - | 10 | yA 
Vcc Power Current (Stand-by) icc, |CE=vin | - «| «| mA 
Vcc Power Current (Operation) CE =Vi- p= | = | 100 | 
Program Power Current | tpps | Vpp=Voc _ | - | 58) mA 
Input Voltage “H” Level vn foo - | 2.0 | — lve! 
Output Voltage “H” Level / Vou | lon=-400nA | 24] - | - | 
Output Voltage “L” Level | Vor | lor=21ma | - | - | 045 


AC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


<|;<;}<c]i< 


4] 
| 7 
q 
" 
‘ 


TIME CHART 


CE 


OE 


Data 
output 


Measurement condition 


Input pulse level ..............0.0.0.0..0.. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load ..............00.000000.0000.. 1TTL GATE + 100pF 


566 Output timing reference level .............. 0.8V and 2.0V 


# OTP -MSM27128AZB 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75V~6. 5V, Vpp = = 12.5V+0. 5V, Ta = 25°C+5°C) 


Parameter Symbol Conditions Unit 
iin [90 [ wa 
Input Leakage Current VIN = 5.25V See pA 


Input Voltage “H” Level eda Vect1 


Input Voltage “L’ Level 


Output Voltage ‘“H” Level 


Output Voltage “L” Level lol =2.1 mA p= | = | 048 | 


AC CHARACTERISTICS 
(Vcc =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C +5°C 


Limits 
Parameter Symbol Conditions Unit 
pe 


Output Enable to Output 
PGM Initial Program Pulse Width x Voc =6V + 0.25V eae ms 


PGM High Speed Initial _ 

Program Pulse Width tpw Voc = Herne 95] 100] 105, at 
PGM Overprogram Pulse Width topw | Voc =6V + 0.25V 285) - | 78.75 | ms 
caavaianomoe «| toe | —*dt- | (| | 
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= OTP -MSM27128AZB a 


TIME CHART 


Address 
input 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) | 


Parameter 
Input Capacitance 


" Output Capacitance 
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= OTP -MSM27128AZB = 


<> YES 


NO 


PROGRAM ONE 100 »uSEC PULSE 


X=X+1 


VERIFY 
ONE BYTE 
pass 


LAST ADDR.? 
YES 


Vcc = 5V 


INCREMENT 
ADDRESS 


Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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= OTP -MSM27128AZB = 


START 
ADDRES = FIRST LOCATION 


<> YES 
NO 
x 


PROGRAM ONE 1 mSEC PULSE 


FAIL VERIFY 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 


INCREMENT NO | 
ADOHESS LAST ADDR.; 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
3 , DEVICE FAILED © 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 


570 


OKI semiconductor 
MSM27256 


32,768 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27256ZB is a 32768 words x 8-bit electrically programmable read-only memory. The 


MSM27256ZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 


(OKI can provide programming service as per customer’s request.) 


FEATURES 
@ +5V single power supply @ Power consumption: 
® 32768 words x 8-bit configuration MAX525 mW (during operation) 
@ Access time: MAX170 ns MAX184 mW (during stand-by) 
@ Completely static operation 
@ INPUT/OUTPUT TTL compatible 
(3-state output) 
® 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
32768 X 8bit 


Input buffers 


This specification may be changed without notification. 
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= OTP -MSM27256ZB a- 


FUNCTION TABLE 


CE 

anae (20) 

| Output Disable VIL 

| ‘Stand-by Vin 
Program 

Program Verify VIH 

Program Inhibit VIH 


—; Can be either Vi. or Vi 


Outputs 


Dout 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias 
Storage Temperature 
All Input/Output Voltages 


Vcc Supply Voltage 
Program Voltage 


The voltage with respect to GND. 


VIH +5V +5V High impedance 
P = +5V +5V High impedance 
VIL +12.5V +6V Dout 
VIH +12.5V +6V High impedance 
TOA seed eer ede tons O°C ~ 70°C 
TStG.acieioed avitorwats ceva =59°C 125°C 
MIN cea sG cits ma tom suas —0.6V ~ 13.5V 
VOWD axieehiwri ies riss —0.6V ~ 7V 
VGC sik tteraen ches eerw -0.6V ~7V 
DD) taste tee eee eee oss —0.6V ~ 14V 


| 7 ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 


RECOMMENDED OPERATION CONDITION 


Parameter Symbol wax. | Temperature Remarks Unit 

ane 
as —v /o 

oe Input | um [200 | - | eas, o°c ~ 70°C oe : 

ee 


The voltage with respect to GND 
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mw OTP -MSM27256ZB = 
DC CHARACTERISTICS 
(Vcc =5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 
Limits 
Parameter Symbol Conditions Unit 
Min. | we. | Max 
Input Leakage Current VIN =5.25V P= | = | 10 | LA 
Output Leakage Current VouT = 5§.25V | - | - | 10, LA 
Vcc Power Current (Stand-by) CE = Vip }- | - | 38 | mA 


Vcc Power Current (Operation) ICC. 100 mA 


Program Power Current Ipp: 


ees 
Input Voltage “H” Level Pin [= fof V 
Input Voltage “L’ Level es eee ae Ed V 
Output Voltage ‘‘L” Level Tve._fecsarm [= [= Loar V 


AC CHARACTERISTICS 
(Voc =5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Address Access Time =OE=V ns 
CE Access Time reefs OE=V ns 7. 
ns 


TIME CHART 


Measurement condition 


Input pulse level ......................008. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OutpuvlOad secu eees ecccccudat i awtas 2538 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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= OTP -MSM27256ZB = 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Voc =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage ‘‘H” Level 
Input Voltage Hp” Level 
Output Voltage ‘‘H” Level 


Output Voltage “L” Level 


AC CHARACTERISTICS 
(Voc =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Parameter 


Symbol 


IL 
Ipp2 


QO 
o) 


= 
as 


VIL 
VOH 


VOL 


Symbol 


Address Set-up Time tas 
| OE Set-up Time 
7 Data Set-up Time tos 
| Address Hold Time tay 
Data Hold Time tpbH 


bee 
o) 


Conditions 


VIN =5.25V 
CES VIL: OE = VIH 


IOH =—400 pA 


loL =2.1mA 


Conditions 


| 
oO 


no ie 
rN 


Limits 


yp. 


0 


G ; eperepede ; 
ey i) 
oO es 


Output Enable to Output t 

Float Delay DFP 

Vpp Power Set-up Time 

CE Initial Program Pulse Width tpw |Vcc =6V+0.25V | 0.95 1.05 
CE High Speed Initial Voc =6.25V + 

Program Pulse Width ‘PW 0.25V 96 105 


CE Overprogram Pulse Width 
Data Valid from OE 
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topw 
OE 


Voc =6V + 0.25V 


2.85 


Se a 
ro) oO | 


78.75 


_ 
oO 
oO 


= OTP -MSM27256ZB = 


TIME CHART 


Data 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 


CIN 4 


Input Capacitance 


Output Capacitance 
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= OTP -MSM27256ZB = 


NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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INCREMENT 
ADDRESS 


= OTP -MSM272562ZB a 


START 


<> YES 
NO 


X=X+1 


FAIL VERIFY 


ONE BYTE 


PASS 


PROGRAM ONE PULSE 

OF 3X mSEC DURATION 
he LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


daw DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 


577 


OKI semiconductor 
MSM27512ZB 


65536 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27512ZB is a 65536 words X 8-bit electrically programmable read-only memory. The 
MSM27512ZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 


(OKI can provide programming service as per customer's request.) 


FEATURES 

@ +5V single power supply @ Power consumption: 

@® 65536 words X 8-bit configuration MAX525 mW (during operation) 
® Access time: MAX200 ns MAX184 mW (during stand-by) 


@ Completely static operation 

@ INPUT/OUTPUT TTL compatible 
(3-state output) 

@ 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


O7 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
65536 x 8 bit 


This specification may be changed without notification. 
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@ OTP -MSM27512ZB = 


FUNCTION TABLE 


CE OE/Vpp Voc 
(20) (22) (28) Outputs 
Mode 


Output Disable on aka ee High impedance 
Stand-by a ee ee High impedance 
Program VIL +6V DIN 

Program Inhibit Vi +6V High impedance 


—; Can be either Vj, or Vip 
ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias LAsia tee uae ua shawnee 0°C ~ 70°C 
Storage Temperature TSIG) scan tcawanneaeietes —56°C ~ 125°C 
All Input/Output Voltages VIN asceonentetoerqeteauee —0.6V ~ 13.5V 
VOUT  <Sstebtoediauseeess —0.6V ~ 7V 
Vcc Supply Voltage VOC a bineatted stuvtieaaded. -0.6V ~7V 
Program Voltage VDD) cote kee e tee —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Symbol 
fain [ yo. [wax 


Operating 


Parameter Temperature Remarks Unit 


Vcc Power Supply 


Voltage 
“H” Level Input estat 2 : 


“L” Level Input 
Voltage 


The voltage with respect to GND 
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@ OTP -MSM27512ZB = 


DC CHARACTERISTICS 
(Voc = 5V+5%, Ta = 0°C ~ 70°C) 


Conditions | 
. Max. 


Parameter Unit 
Min. | Typ ax | 
Input Leakage Current Poin | vin=s2sev | - «| - | to. pA 
Output Leakage Current ILO | vour=5.25v. | - | - | 10 pA 
Voc Power Current (Stand-by) tcc, | CE=vm | - | do mA 
Vcc Power Current (Operation) CE =ViL )- | = | 100 | mA 
Input Voltage “H” Level VIH =f 20 | = |ecHt V 
Input Voltage “L” Level VIL Po —0.1 )- | 08” V 
Output votage"HLevel | Von | ton=—#00ua | 24 | - | — |v 
Output Voltage “L” Level VOL lol =2.1 mA | | = | 048. V 
AC CHARACTERISTICS 
(Vcc = 5V+5%, Ta = 0°C ~ 70°C) - 
Address Access Time CE = OE = VIL | = | 200 ns 
CE Access Time ICE OE = VIL p= | 200 ns 
OE Access Time | toe CE =ViL | = | | ns 
Output Disable Time tor CE =ViL | oo 6] 8 ns 
TIME CHART 


Address input  X 


Measurement condition 
Input pulse level 


input timing reference level . 


Output load 
Output timing reference level 
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0.45V and 2.4V 

0.8V and 2.0V 

1TTL GATE + 100pF 
0.8V and 2.0V 


re ee Y 


Cr 


ey 


= OTP -MSM27512ZB # 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75V~6.5V, Vpp = 1 2.5V+0. SV, Ta = 25°C+5°C) 


Parameter Symbol Conditions Unit 


Input Leakage Current pA 
Vpp Power Current Ipp2 CE =Vy. | 50 | mA 
100 mA 


Input Voltage “H” Level 
Input Voltage “L” Level 


Output Voltage “H” Level 


S 
5 
af 
<|<|<|< 


Oo 
pf 
Ol 


Output Voltage ‘“L” Level 


Vcc Power Current = 


AC CHARACTERISTICS 
(Voc = 5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C 


i — Te 

Parameter Symbol Conditions Unit 
ian [ [a 
Eneprowtine | wen |---|? |-| | 
Data Set-up Time tps eae us 
Address Hold Time Ptah [= _ pus 
Data Hold Time tpoH ar eee ps 
ee eee 


CE Initial Program Pulse Width as Voc =6V + 0.25V 0.95 | 1.0 | 1.05 | ms 
GE High Speed Initial Voc =6.25V + 

Program Pulse Width 0.25V 95 {| 100; 105 | us 
CE Overprogram Pulse Width topw | Vcc =6V + 0.25V 2.85 | - 78.75| ms 


CEvoorecwenrtne | wa | - _|#|-[-[ 
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= OTP -MSM27512ZB = 


TIME CHART 


Address 
input ADDRESS N 


Data DATA INPUT 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Output Capacitance CouT VouT =0V a 12 | pF 
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ADDRESS = FIRST LOCATION 


Vcc = 6.25V 
Vpp = 12.75V 


<> YES 


NO 


PROGRAM ONE 100 uSEC PULSE 


X=X+1 


VERIFY 
ONE BYTE 
pass 


LAST ADDR.? 
YES 


Vcc = 5V 


INCREMENT 
ADDRESS 


OE/Vpp = Vi, 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 


= OTP -MSM27512ZB = 


FAIL 
DEVICE FAILED 
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= OTP -MSM27512ZB a 


<> YES 
NO 


PROGRAM ONE 1 mSEC PULSE 


FAIL VERIFY 
ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 
ee LAST ADDR.? 
YES 


Vcc = 5V 
OE/Vpp = Vi 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
ee DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (II) 
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OKI semiconductor 
MSM271000ZB 


131072 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM271000ZB is a 131072 words x 8 bit electrically programmable read-only memory. The 
MSM271000ZB is manufactured by N channel double silicon gate MOS technology and is contained in the 32 
pin package. 

(OKI can provide programming service as per customer's request.) 


FEATURES 

@ +5V single power supply @ Power consumption: 

® 131072 words X 8-bit configuration MAX525 mW (during operation) 
® Access time: MAX200 ns MAX184 mW (during stand-by) 


Completely static operation 
INPUT/OUTPUT TTL compatible 
(3-state output) 

32-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


(Top View) 


Memory matrix 
131072 X 8 bit 


This specification may be changed without notification. 


585 


= OTP -MSM271000ZB a 


FUNCTION TABLE 


we | PGM | VPP | VCC Outputs 
Mode (22) (24) is 31) (1) (32) 

Output Disable vic | vn | — | — | +V | High impedance 
Stand-by Pv | — | — | — +5V__| High impedance 
Program Vir | Vin, | VIL [12.75V +6.25V | DIN 


Program Verify Vit | Vin [+12.75V| +6.25V | DoytT 


Program Inhibit Vin | — | — 12.75v +6.25V | High impedance 
NOTES: 
—; Can be either Vj,_ or VK 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Ms cepcte Biece a tere eee ee ae 0°Cc ~ 70°C 
Storage Temperature VSUG: Sate rkd ee eerie eee —55°C ~ 125°C 
All Input/Output Voltages VIN disease ae ties —0.6V ~ 13.5V 
VOUT scree seer cenonns —0.6V ~ /V 
Vcc Supply Voltage ele —~0.6V ~7V 
Program Voltage WoO bakin Cia aes hae _0.6V ~ 14V 


The voltage with respect to GND. 


<READ OPERATION > 


7 ELECTRICAL CHARACTERISTICS 
| 
RECOMMENDED OPERATION CONDITION 


Operating 


Limit 
Parameter Symbol Remarks Symbol 


V 
Vop Voltage Vop [20ers | Vect1 V 


‘spy 0°C os 70°C V =5V+5% 
H” Level Input CC 
“L” Level Input 


The voltage with respect to GND 
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= OTP -MSM271000ZB # 


DC CHARACTERISTICS 
(Voc = 5V+5%, Ta = 0°C ~ 70°C) 


ma 
Parameter Symbol Conditions Unit 
in [to [ Won 
Input Leakage Current Poi | Vin=s26v0 | - | - | 10 | pA 
Output Leakage Current | to | Vour=5.28v. | - | - | 10) pA 
Vcc Power Current (Stand-by) / icc, | CE=vn = sf - «| - | 88 | mA 
Vcc Power Current (Operation) icc, | CE=vc | - «| | t00 mA 
Program Power Current | tps | vpp-Voo | [i ios) 
Input Voltage “H” Level VIH fF 
Input Voltage “L” Level VIL fe —0.1 | - | os | 
Output Voltage “H”’ Level VOH Fton=-400na | 24) - | — 
La 


Output Voltage “L” Level VOL loL =2.1 mA = | 


AC CHARACTERISTICS 
(Voc =5V+5%, Ta =0°C ~ 70°C) 


Address Access Time taCC CE =OE = ViL 


CE Access Time tcE OE =ViL p= | 00 ns 


OE Access Time CE =VIL 


Output Disable Time tor CE = VIL 


TIME CHART 


Address input X| 


Measurement condition 


Input pulse level ......................-.8-, 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
OUIpUt lO sc sice 065 ents of Bee seee cane 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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! 
7 


0 LA SN22000 28 ea SS 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Voc =6.25V+0.25V, Vpp = 12.75V +0.25V, Ta = 25°C+5°C) 


Limits 


Parameter Symbol Conditions Unit 

iin [| en 
Input Leakage Current ei aes ee pA 
vo Power Cure me [ee=rov-vn | | - | so | ma 
vecrowarcuroi | ee | = [= | = | 100m 


Input Voltage “H” Level 
Input Voltage “L” Level 
Output Voltage “H” Level loH =—400 vA 


Output Voltage “L” Level 


AC CHARACTERISTICS 
(Voc =6.25V+0.25V, Vpp = 12.75V +0.25V, Ta = 25°C+5°C) 


Unit 
ake 
OF Se Tine eee we 
Data St Tn Pos | - |?[-|-[* 


Data Hold Time tpbH 


Output Enable to Output 


High Speed Initial t 
Program Pulse Width PW 


Parameter Symbol Conditions 


Data Valid from OE 
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= OTP -MSM271000ZB = 


TIME CHART 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Output Capacitance CouT VouT = OV f= | 15 | pF 


MSM271000ZB-RS IDENTIFIER BYTES 
a~c]a[a[a ala s[a[a [als 
(12) (21) (20) (19) (18) (17) (15) (14) (13) Data 
Ea 
Device Code vm | oa 
1 


. Ag=12.0+ 0.5V 
2. A, ~ Ag, Aro ~ Aig, CE, OE = Vi_, PGM = Vip OR Vj, Vpp = Vip OR Vj. 


Notes: 
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= OTP -MSM271000ZB # 


ADDRESS = FIRST LOCATION 


Vcc = 6.25V 


Vpp = 12.75V 


NO 
PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OKI semiconductor 
MSM271024ZB 


65536 < 16 BIT ONE TIME PROGRAMMABLE 
READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM271024ZB is a 65536 words x 16 bit electrically programmable read-only 
memory. The MSM271024ZB is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 40 pin package. 

(OKI can provide programming service as per customer's request.) 


FEATURES 

@ +5V single power supply @ Power consumption: 

@ 65536 words X 16 bit configuration MAX 630 mW (during operation) 

e Access time: MAX184 mW (during stand-by) 
MAX170 ns e Completely static operation operation 


@ INPUT/OUTPUT TTL compatible 
(three state output) 


40-pin DIP 


PIN CONFIGURATION 
FUNCTIONAL BLOCK DIAGRAM 


This specification may be changed without notification. 
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7 
1 
| 


= OTP -MSM271024ZB = 


FUNCTION TABLE 


CE OE PGM Vpp Vcc 
Mode 


Output Disable enc High impedance 
Stand-by ee eee High impedance 
Program Inhibit eee ee High impedance 


—; Can be either Vi_ or ViH 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias Tate lieu ieee o°Cc ~ 70°C 
Storage Temperature TSO ho. uc cdceuekcnseae cae —55°C ~ 125°C 
All Input/Output Voltages MIN oss arerdene aya meteors —0.6V ~ 13.5V 
VOUT A oi vt tia ee tere aee 4s —0.6V ~ 7V 
Vcc Supply Voltage VGC xsean sem bse aie —0.6V ~ 7V 
Program Voltage NDP tiie haces hace aes —0.6V ~14V | 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 
<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 


ie 
Operating 
Parameter Symbol rin. | Typ. Tmax. |Te mperature Remarks Symbol 
Vcc Power Supply 
Voltage VCC 4.75 5.25 V 
o°c ~ 70°C | Voo=5V+0.25V 
“H” Level Input 
“L” Level Input | 


The voltage with respect to GND 
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ew OTP -MSM271024ZB = 


DC CHARACTERISTICS 
(Voc = 5V+5%, Ta =0°C ~ 70°C) 


on 
Parameter Symbol Conditions Unit 
in| 0 [woe 
Input Leakage Current iu | vin=s2sv | - «| - | 10 | pA 
Output Leakage Current | Lo | Vour=s.28v. | - | - | 10 | pA 
Vcc Power Current (Stand-by) icc, | =v | - «| - fs mA 
Vcc Power Current (Operation) mA 
Program Power Current p= | 
Input Voltage ‘‘H” Level VIH ee i 
Input Voltage “L’’ Level VIL hee —0.1 Le. | 
Output Voltage ‘‘H” Level | Von | lon=-400uA | 24] — | 
= 


Output Voltage “L” Level VOL lol =2.1mA fe.) 


AC CHARACTERISTICS 
(Voc =5V+5%, Ta = 0°C ~ 70°C) 


Address Access Time tacc | CE=OE=Vy, = | 70. ns 
OE 


E Access Time tCE O S 


OE Access Time joe CE =ViL, ar ns 
Output Disable Time CE =VjL, fo | 0 


Measurement condition 


| 
= 
C 
Ei 
S 
ro) 
= 


a) 


S 


Input pulse level ................... 000 eee 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output lOAG) sci Ss.s soes sco. eeue Ma weretres 1TTL GATE + 100pF 
Output timing reference level.............. 0.8V and 2.0V 
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= OTP -MSM271024ZB = 


TIME CHART 


Address input 


OE 


Data output 
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= OTP -MSM271024ZB = 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Unit 
tin [8 | wen 
Input Leakage Current piu fVn=s2sv | - | - | 10 | pA 
Vpp Power Current Ipp2 CE = PGM = Vj, |- | - | 80 | mA 
Input Voltage “L’ Level 
Output Voltage “H” Level VOH IOH = —400 pA 2.4 oe fa 
Output Voltage “L” Level L |lo=21ma | - | - | 045 
AC CHARACTERISTICS 


(Vcc = 6.25V+0.25V, Vpp = 12.75V+0.25V, Ta = 25°C+5°C) 


Parameter Symbol Conditions 


| 
SET 
<!;}< /</< 


Limits 


Unit 
wn | 10 | en 


Parameter Symbol Conditions 


Address Set-up Time t 


> 
= 
o 


OE Set-up Time 


Data Set-up Time 


Address Hold Time 


Data Hold Time 


Output Enable to Output t 
Float Delay DFP 


Vpp Power Set-up Time 
PGM Program Pulse Width Vcc =6.25V+0. 25v| 95 | 


Data Valid from OE 150 ns 
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1 
' 
l 
7 


= OTP-MSM271024ZB sw 


TIME CHART 


Address 
apa ( ADDRESS N > 


Data » 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) . 


MSM271024ZB-RS | IDENTIFIER BYTES | 
Ao Dis eas Dg D, De Ds D, D3 D. D, Do Hex 
(21) (3) ~ (10) (12) | (13) | (14) | (15) | (16) | (17) | (18) | (19) Data 
Manufacter 


Notes: 1. Ag=12.0+0.5V 
2. A, ~ As, Aro ~ Ais, CE, OE = Vi, PGM = Viy OR Vj, Vp = Vi OR Vit 


Parameter 
Input Capacitance 


Output Capacitance pF 
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= OTP -MSM271024ZB a 


<> YES 


NO 
PROGRAM ONE 100 uwSEC PULSE 


FAIL VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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OK I semiconductor 
MSM27C256ZB 


32,768 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C256ZB is a 32,768 words x 8 bit electrically programmable read-only memory. The MSM27C256ZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 


FEATURES 

@ +5V single power supply @ Power consumption: 

® 32,768 words xX 8-bit configuration MAX165 mW (during operation) 
@ Access time: MAX150 ns MAX0.55 mW (during stand-by) 


@ Completely static operation 

@ INPUT/OUTPUT TTL compatible 
(3-state output) 

@ 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


O- 


PIN CONFIGURATION Output buffers 


(Top View) 


Memory matrix 
32768 X 8bit 


This specification may be changed without notification. 
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= OTP -MSM27C2562ZB a 


FUNCTION TABLE 


Output Disable VIL VIH +5V +5V High impedance 
Stand-by VIH os +5V +5V High impedance 
Program Verify Viny VIL +6V Dout 

Program Inhibit VIH VIH +6V High impedance 


—; Can be either Vic or Viy 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias MEE te 6c 8 ren anetacen nits panes eases See 0°C ~ 70°C 
Storage Temperature TSIO 2c obenceeneseess —§5°C ~ 125°C 
All Input Voltage MINT! s:-a's taataas rie Saree ae 8 —0.6V ~ 13V 

All Output Voltage VOUT 32s sesie oa wears sacs -0.6V ~ Vcc +0.5V 
Vcc Supply Voltage VOC sect cate atest ee tes —0.6V ~7V 
Program Voltage VOD: 2cecatatwcn cee eeunes —0.6V ~ 14V 


The voltage with respect to GND. 


ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Operating , 


Vcc Power Supply 

Voltage Vcc 4.5 

vopvetewe | vee | 45 | oo] 65 
Voc=5V £+10% 


< 


6&6 ” 0°C ~ 70°C —_ 

H” Level Input Vep-Vee 

“L” Level Input 

Voltage VIL 0.1 eae 


The voltage with respect to GND 
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= OTP -MSM27C256ZB a 


DC CHARACTERISTICS 
(Vcc = BV+10%, Vpp = Vcc, Ta = 0°C+70°C) 


Limits 


ptimits di 
win | 10 [wen 
Input Leakage Current pi fvn=ssv fF - | | A 
Output Leakage Current | to | Vour=58V | - | - | 1] LA 
Vcc Power Current (Stand-by) tcc, | CE=Veo = | - «| - *| 100 | pA 
Vcc Power Current (Operation) -icce |CE=un— sid | | | 80 mA 
Program Power Current ne Peete td et ae pA 
Input Voltage ‘“‘H” Level vm | =  |2 V 
Input Voltage ‘“‘L’ Level a taal = tae V 
V 
V 


Parameter Symbol Conditions 


Output Voltage “H” Level VOH IOH = —400 vA | 2a] - | = | 
Output Voltage “L” Level VOL loL = 2.1 mA | - | - | 04s | 


AC CHARACTERISTICS. 
(Voc = 5V£10%, Vpp = Vcc, Ta = 0°C+70°C) 


Address Access Time =OE=V Mee ee ns 


TIME CHART 


CE 


OE 


Data 
output 


Measurement condition 


Input pulse level .....................0006. 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Outputload: 2 oer. foals ese eowiuads 1TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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= OTP -MSM27C256ZB = 


<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Voc = 5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


| Limits 
Parameter Symbol Conditions pe Te Unit 


Input Leakage Current Pu [v= s5y 
von Power Cure eee 
=o a RA 
Output Voltage “H” Level | Von | lon=—400na | 24] - | - | 
Output Voltage ‘‘L” Level | vor | tor=2tma | - | - | os | 


AC CHARACTERISTICS 
(Voc = 5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C +5°C) 


Parameter Symbol Conditions Unit 


.~ 
> 


<|/<;j<ci< 


hin 
OE Set Tne ie eee 
Aone Hod Tne Ce a ON ee cee 
Data Hod Tne Pon | - fe [-|- [os 
a cole Cae 
CE Initial Program Pulse Width ae sacaea eae, 1.05 ms 
GE High Speed i fim [wants [ow [ne 105 | us 
CE Overprogram Pulse Width Voc = 6V + 0.25V_ 6V + 0.25V Voc =e6v+0.25v {2.85 | - 78.75 | ms 
Data Valid from OE 3 ae es ee 160 | ns 
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= OTP -MSM27C256ZB a 


TIME CHART 


Address 
iaput 4 ADDRESS N 


) 


Data OUTPU 


nee 
input/output ‘ ) Cite 
Fceaneal Se 


7 CAPACITANCE | 
| (Ta = 25°C, f = 1 MHz, Vcc = 5V) 
Output Capacitance a 15 pF 
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@ OTP -MSM27C256ZB sg 


NO 


PROGRAM ONE 100 uwSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (I) 
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= OTP -MSM27C256ZB = 


START 


=0 
YES 
NO | 


PROGRAM ONE 1 mSEC PULSE 


X=X+1 


FAIL VERIFY 


ONE BYTE 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 
da LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES 

TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (11) 
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OK I semiconductor 
MSM27C256HZB 


32,768 < 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 


GENERAL DESCRIPTION 


The MSM27C256HZB is a 32,768 words x 8 bit electrically programmable read-only memory. The MSM27C256HZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 


FEATURES 


@ +5V single power supply e 
@® 32,768 words X 8-bit configuration 
@ Access time: MAX70 ns 


Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

® Completely static operation 

® OUTPUT TTL compatible 
(3-state output) 

@ 28-pin DIP 


FUNCTIONAL BLOCK DIAGRAM 


QO- 
PIN CONFIGURATION 


(Top View) 


This specification may be changed without notification. 
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| =» OTP -MSM27C256HZB a 


FUNCTION TABLE 


CE Vpp Voc 
Output Disable VIL VIH +5V +5V High impedance 
Stand-by ViH fo +5V +5V High impedance 
Program VIL +6V DIN 
Program Inhibit ViK VIH +6V High impedance 


—; Can be either Vi, or Vip 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias WG oes Seen artis tee ates 0o°Cc ~ 70°C 
Storage Temperature i -) (oR oe ee —55°C ~ 125°C 
All Input Voltage MING, “ig eee aie oon e —0.6V ~ 13.5V 

All Output Voltage VOUT 2563-0 eae -0.6V ~ Vcc +0.5V 
Vcc Supply Voltage VOC eter te da —0.6V ~7V 
Program Voltage VDD oie eee taeiananes ~0.6V ~ 14V 


The voltage with respect to GND. 


_7 ELECTRICAL CHARACTERISTICS 


<READ OPERATION > 
RECOMMENDED OPERATION CONDITION 


Limit Operating 


Symbol Remarks Unit 


Vcc Power Supply 
Voltage Voc | 4.75 
vepvotage | veo [476 | s0| 625 


Voc=5V+5% = L 
songs 0°C ~ 70°C 
H” Level Input : Vpp=V 
“L” Level Input 


The voltage with respect to GND 


Parameter 
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w OTP -MSM27C256HZB a 


DC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Limits 
Parameter Symbol Conditions Unit 
in| ye | wan 

Input Leakage Current cra VIN = §.25V )- | = | 10 | A 
Output Leakage Current | wo | Vour=s2sv_ | = | = | 10 pA 
Vcc Power Current (Stand-by) ioc, |CE=Vin s=tomHz}| - | - | 36, mA 
Vcc Power Current (Operation) | icc, |CE=ViL s=tomHz| - | - | 100 | mA 
Program Power Current ) pp, | Vpp=Vog =| - «| - «| mA 
Input Voltage “H” Level VIH Pf no | = | Vocs V 
Input Voltage “L” Level VIL P= fon = | 08 V 
Output Voltage “H” Level VOH Fion=-4ma | 24] - | — | V 
Output Voltage “L” Level VOL Fio.=8ma | - | — | 045, V 


_ AC CHARACTERISTICS 
(Voc = 5V+5%, Vpp = Vcc, Ta = 0°C ~ 70°C) 


Address Access Time tacc 


OE Access Time toe CE=VIL pe | 


Output Disable Time tor CE =ViL ns 
MEASUREMENT CONDITION 
Input pulse: level: ¢s.8 6 6c cee eee ere ow Sw ween OV and 3.0V 
Input timing reference level ..........00200. 0.8V and 2.0V 
OUIDULIOAG + 6%.6505 Sc be se0e are Ae er ae 1TTL GATE + 30pF 
Output timing reference level ..............-. 0.8V and 2.0V 
TIME CHART 


Address input 


Data 
output 
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= OTP -MSM27C256HZB = 


Parameter 


Input Leakage Current 
Vpp Power Current 

Vcc Power Current 
Input Voltage “H” Level 
Input Voltage “L” Level 
Output Voltage ‘‘H” Level 
Output Voltage “L” Level 


AC CHARACTERISTICS 
(Vcc =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


Conditions Min 


Parameter 


Address Set-up Time 
OE Set-up Time 

Data Set-up Time 
Address Hold Time 
Data Hold Time 


Output Enable to Output 
Float Delay 


Vpp Power Set-up Time 


CE Initial Program Pulse Width 
CE Program Pulse Width 


CE Overprogram Pulse Width 
Data Valid from OE 
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<PROGRAMMING OPERATION > 


DC CHARACTERISTICS 
(Vcc = 5.75~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C) 


le 
Ke) 
NS 


a} 
o) 


IL 


VOH IOH =-4mA 


CE = VIL 


a a 


otis [- | - | 


Jee 


vo. [loner | - | - [owe 


Symbol 


tvs 
t 


Pw 
tpw 


topw 


tOE 


voo =v 20.260 


Voc =6.25V + 
22M 
Voc =6V+0.25V | 2.85 


Typ. 


—_ — 
Ss |o 


v Zz = 
C GO se) 
a o x 


a" 
O 
82) 


+10 
iy 
Cla 


Unit 


Unit 


us 
us 
Bs 
Bs 
Bs 


ns 


LS 


ms 


LS 


ms 


ns 


=e OTP -MSM27C256HZB & 


TIME CHART 


Address 
oik ( ADDRESS N p 


Data 4 DATA INPUT 
input/output 


CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vcc = 5V) 


Parameter 
Input Capacitance 


Output Capacitance 
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= OTP -MSM27C256HZB = 


YES 
NO 


PROGRAM ONE 100 uSEC PULSE 


VERIFY 
ONE BYTE 


pass 
INCREMENT 
LAST ADDR.? 
ADDRESS 
YES 
Vcc = 5V 
Vpp = 5V 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


FAIL 
DEVICE FAILED 


PASS 


DEVICE PASSED 


Programming Flowchart Example (1) 
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<> YES 
NO 


VERIFY 
ONE BYTE 


FAIL 


PASS 


PROGRAM ONE PULSE 
OF 3X mSEC DURATION 
a LAST ADDR.? 
YES 


Vcc = 5V 
Vpp = 5V 


INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES 
TO ORIGINAL 
DATA 


PASS 


DEVICE PASSED 


Programming Flowchart Example (11) 


= OTP -MSM27C256HZB = 


das DEVICE FAILED 
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Ee MOS E* PROMS 


MSM16811 
MSM16811P 
MSM16911 
MSM16911P 
MSM16812 
MSM16912 
MSM28C16A 
MSM28C64A 
MSM28C256 


1,024-Word x 1-Bit E7 PROM ..............c cece ee eee 615 
1,024-Word x 1-BitE2 PROM ............c cece eee e es 622 
1,024-Word x 1-Bit E?7 PROM ........ cece cece cence ees 629 
1,024-Word x 1-BitE2 PROM ..............0ce eee ees 638 
2,048-Word x 1-BitE? PROM ...............--ce ee eee 647 
2,048-Word x 1-BitE7 PROM .............e eee e eee 654 
2,048-Word x 8-Bits E7 PROM ......... cece eee eee 663 
8,192-Word x 8-Bits E7 PROM ............. cece ewes 670 


32k x 8-Bits CMOS E2 PROM ........ cee ee cee eee eee 678 


OKI semiconductor 
MSM16811 


1.024 BIT SERIAL E2PROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

64 x 16 or 128 x 8 user selectable serial memory 
Compatible with NS9346 TOP VIEW 
Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range O°C to 70°C 


PIN CONFIGURATION 


8 Pin Dual-In-Line 
8 Pin S.O. Package 


10,000 erase/write cylces 
10 year data retention 


BLOCK DIAGRAM 


MEMORY 


DECODE, 
LOGIC 


CLOCK 
GENERATOR 
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= MOS E? PROMS - MSM16811 # 


PIN FUNCTIONS 


Chip Select Memory Array Organization Selec- 
Clock Input | tion Input. When the ORG pin is 
Serial Data Input connected to +5 V the 64 x 16 
Serial Data Output organization is selected. When it 


+5 V Power Supply is connected to ground the 128 x 

Non Connection 8 organization is selected. If the 

Ground ORG pin is left unconnected, then 
an internal pull-up device will 
select the 64 x 16 organization. 


ee teenies cence INSTRUCTION _ SET 

Address Data 
' Start | Address ——sC«Ci ata (<es Comments 
me ae ape 
0 


READ Ag—Ao — Ag—Ag Read Address Ayy—Ap 
ERASE Ag—Ao A,—Ag ERASE Address Anjj—Ao 
WRITE Ag—Ag As—Ag Dz—Dg | Dys—Do WRITE Address Ay—Ao 
EWEN 1IXXXXX 11XXXX Program Enable 

EWDS OOXXXXX OOXXXX Program Disable 

ERAL 1OXXXXX 10XXXX Erase All Addresses 
WRAL O1XXXXX O1XXXX D7—Do | Dys—Dg Program All Addresses 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 


| 8 
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= MOS E? PROMS -: MSM16811 @ 


ABSOLUTE MAXIMUM RATINGS 


-0.3~ Voc + 0.3 


—0.3~ Vcc + 0.3 
—55 ~ + 150 °C 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


RECOMMENDED OPERATING RANGE 


Data Hold Temperature 0O~70 


DC CHARACTERISTICS 


(Vcc = 4.5V to 5.5V, Ta = —0 ~ 70°C, unless otherwise specified.) 


[Parser ‘[Svmboi | coraion [Min [Wax [Unit 
[Simpy vores | Voc [| ——*+f «8 | ss |v 
Micct [vec=ssv cs-1| | 3 | ma 


Vcc =5.5V CS=0 

CC2 | DI=0or Vcc ie 
Preven wep oe ae 
A nputVotge | Vig [80 Weet [v 


- SS 


TTL I =—400 uA V 


Input Leakage Current 10 LA 
Output Leakage Current 


Power Supply Current 
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= MOS E? PROMS -MSM16811 # 


AC CHARACTERISTICS 


a 
fics | cSHodTime ———SCdPSSSSSCSCSC~—~—s || 
fois | oiseuptime «| —SSSCSC~S tw | 
pow | oie a 

a 


Output Delay to 1 CL = 100pF 
Output Delay to 0 VoL = 0.8V, VoH = 2.0 


Output Delay to HiZ Vit = 0.45V, Vip = 2.4 
Erase /Write Pulse Width 
Min CS Low Time 


cere) CYCLE 
aie K-— ‘esx 


OO 


Synchronous Timings 


DEVICE OPERATION 


The MSM 16811 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical ‘1’, an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V¢¢ falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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= MOS E? PROMS -MSM16811 # 
READ MODE 


ye i el WLU LL 
a aaa aa a a 


STANDBY 
Di /11\_9_ ZANXMX XY XA 
baz 
DO H!GH Z 
=a 6. 1 EO HED DOR 


Organization 


The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical ‘‘0’’) precedes the output data string. 


ERASE/WRITE ENABLE AND DISABLE 


Stes el Eee eee Leer sk 
fe STANDBY 


DI OF Aaa) 
ENABLE =1!1 64 16=4 Xs 
DISABLE=00 128x8=5Xs 


After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 


instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
pendent from the EWEN and EWDS instructions. 
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= MOS E? PROMS : MSM16811 @ 


ERASE MODE 


' tes 
cs / STATUS * STANDBY 
VERIFY 
DI i 1 IXaxXxeX_) a ee 
HIGH Z | Posy orien eae ty 
| DO ____ nF BUSY READY 
| t, HIGH Z 
W 


After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing te, spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical ‘1’. 


WRITE MODE 


STATUS *KSTANDBY 
VERLEY 


After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the tes specification), the DO pin will act as a status indicator 
— it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been set to their proper value. With the MSM16811 it is NOT neccessary to erase a memory 
location before the WRITE instruction. 
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= MOS E? PROMS -MSM16811 @ 


ERASE ALL 


PPryrrrry yy UUUUU UU 


Se 


Busy tea” 
READYTGH z 
RW 


This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc- 
tion is identical to the ERASE instruction. 


=4Xs 


64 x 16 
128 x 


WRITE ALL 


DI 
DO._ HIGH Z AMOS a hs ae tz 
SEER SYJREADY ai GH 2 


tew 


This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 8 
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OKI semiconductor 
MSM16811P 


1.024 BIT SERIAL E2PROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

64 x 16 or 128 x 8 user selectable serial memory | 
Compatible with NS9346 TOP VIEW 
Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range —40°C to 85°C 


PIN CONFIGURATION 


8 Pin Dual-In-Line 
8 Pin S.O. Package 


10,000 erase/write cylces 
@ 10 year data retention 


BLOCK DIAGRAM 


ORG 


( 


DATA OUTPUT DO 
REGISTER BUFFER 
DI 
MODE 
CS DECODE 
LOGIC 


SK 


CLOCK 
GENERATOR 
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= MOS E? PROMS -MSM16811P = 


PIN FUNCTIONS 


Chip Select Memory Array Organization Selec- 
Clock Input tion Input. When the ORG pin is 
Serial Data Input connected to +5 V the 64 x 16 
Serial Data Output organization is selected. When it 


+5 V Power Supply is connected to ground the 128 x 

Non Connection 8 organization is selected. If the 

Ground ORG pin is left unconnected, then 
an internal pull-up device will 
select the 64 x 16 organization. 


Address Data 
aise fp Address Cat Came 
1 


6 

Ag—Ao As—Ag Read Address Apjy—Ao 

Ag—Ao As—Ao ERASE Address Apjj—Ag 

Ag—Ao As—Ag D,5—Do WRITE Address Ay—Ag 
11IXXXXX 11XXXX Program Enable 
OOXXXXX OOX XXX Program Disable 
1OXXXXX 10XXXX Erase All Addresses 
O01XXXXX O1XXXX D;5—Dg Program All Addresses 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 


—_— —-— |) -— «2» —— 
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= MOS E? PROMS - MSM16811P = 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage —0.3~7 
Input Voltage —0.3 ~ Vcc + 0.3 


Output Voltage —0.3 ~ Vcc + 0.3 
Storage Temperature —55 ~ + 150 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


RECOMMENDED OPERATING RANGE 


Supply Voltage Vcc a 
Data Hold Temperature -40 ~ 85 


Vec=5.5V CS=0 
'CC2_ | DI =0o0r Voc 
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= MOS E? PROMS - MSM16811P = 


AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, Ta = —40 ~ 85°C, unless otherwise specified) 


fess | CSSeuptime | SSSC~s—St | 
cs | CSHoatime ——S«d|SSSSCSC~sSCiSdT 
DI Setup Time 
DI Hold Time 
Output Delay to 1 


CL = 100pF 
VoL = 0-8V, VoH = 2.0 
Vit = 0.45V, Vin = 2.4 


Output Delay to 0 


Output Delay to HiZ 
Erase / Write Pulse Width 


Min CS Low Time 
‘skLoW | MinSKtowTime | dt TY 
fey | Output Oeoy wo Sas Vatio | CL=TOORF | | | | 
sax | Maximum Feaueney [| |_| 


rameter) eRe 
re igker——s KLOW 


lors -— be— dik 


DI YOUR | 


less ae 
CS | » 
b— leno topr 


Synchronous Timings 


SK 


DO 


DEVICE OPERATION 


The MSM 16811 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical ‘1’, an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V¢,¢ falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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= MOS E? PROMS - MSM16811P = 
READ MODE 


6 TULL 
ee ln 


- 
DI 1 1\_@ ZANXANMIX KAN 
—- 
DO HIGH Z —@ HIGH Z 
$$ $$ $$$ XR XG XIX OR 


STANDBY 


The READ instruction. reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical ‘‘0’’) precedes the output data string. 


ERASE/WRITE ENABLE AND DISABLE 


a a es Ue OP os a a a Cs fa Fi a a ns GL 
CS Pr te So RN EY 


ENABLE = 11 64x 16 =4 Xs 


DISABLE=00 128x8=5 Xs 


After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it wil! remain active until an EWDS instruction takes place. The EWDS 


| instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
| pendent from the EWEN and EWDS instructions. 
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ws MOS E2 PROMS -MSM16811P a 


ERASE MODE 


After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing te, spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical ‘1’. 


WRITE MODE 


ee ge ee el 


“STATUS “STANDBY 

VERIFY 

PT. 8/1 XEREXEXOC EDO (BON se 
IGH Z 


ISy Luz 


BUSY. , 
Bel HIGH Z 


After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. The addressed register 
will first be erased and then the previously shifted data will be written in the register. If CS is brought 
high during the programming time (after observing the tc, specification), the DO pin will act as a status 
indicator — it will remain low as long as the chip is programming. It will go high after all the bits of the 
addressed register have been set to their proper value. 


Configuration 
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= MOS E? PROMS -MSM16811P = 


ERASE ALL 


“STATUS \ STANDB 
VERIFY | | 
| 


eee eon Seen 

; ccm 
BUSYAREAD TT GH 7 
| -) 


a Ly 


This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc- 
tion is identical to the ERASE instruction. 


WRITE ALL 


VERIFY 


DI f/f 1 KO OS 1 QO KXKWYV'S 
64 * 16 = 4 Xs 


(DO\ a 
1 \ 
t — ot pele 
DO +=HIGHZ Saw | sv] 
OTL 8 SK . BUSY 
| ae READY 'HTGH Z 


This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 
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OKI semiconductor 
MSM16911 


1.024 BIT SERIAL E2PROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

64 x 16 or 128 x 8 user selectable serial memory 
Compatible with G15911 TOP VIEW 
Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range 0°C to 70°C 


PIN CONFIGURATION 


8 Pin Dual-In-Line 
8 Pin S.O. Package 


81 }(+5 V) Vee 


10,000 erase/write cylces 7{_] RDY/BUSY 


10 year data retention 


BLOCK DIAGRAM 


ORG 


DATA OUTPUT DO 
_ - REGISTER a BUFFER 


LOGIC RDY/BUSY 


CLOCK 
CLK GENERATOR 
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= MOS E? PROMS - MSM16911 = 


PIN FUNCTIONS | 


CS Chip Select ORG Memory Array Organization Selec- 
CLK Clock Input tion Input. When the ORG pin is 
DI Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output Organization is selected. When it 
Vcc +5 V Power Supply is connected to ground the 128 x 
RDY/BUSY Status Output 8 organization is selected. If the 


ORG pin is left unconnected, then 
an internal pull-up device will 
select the 64 x 16 organization. 


GND Ground 


INSTRUCTION SET ; ot! 
Instruction ae Opcode Comments 
128x8 | 64x16 | 128x8 | 64x16 


Read Address 
AnN—AO 


Program Address 
AnN-AO 


PROGRAM 


000000 
000000 
000000 
000000 


0000000 
0000000 
0000000 
0000000 


PEN Program Enable 


PDS 
ERAL 
WRAL 


Program Disable 


Erase All Addresses 


Write All Addresses 


Di/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a ‘’bus conflict’’ to occur during the ‘‘dummy zero” that precedes the read 
operation, if Ag is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Ao. 
The higher the current sourcing capability of Ag, the higher the voltage at the Data Out pin. 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 
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= MOS E? PROMS - MSM16911 & 


ABSOLUTE MAXIMUM RATINGS 


a oe 
% 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


RECOMMENDED OPERATING RANGE 


a 
Ta 


V 


DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = O ~ 70°C, unless otherwise specified.) 


[—Peamerer [Sib] _Conaion [wi 

[Sippy Vorsse | voc [| ———~dt as | ss | 

icc [veo=ssv o=1| | 3 | ma 
=e 


Power Supply Current 


Vcc =5.5V CS=0 

ICc2 DI=OorVcc 
“L" Input Voltage rs rrr 
“H" Input Voltage ee 


TTLIOL = 2.1 mA 
““L" Output Voltage VOL 
CMOS Io, = 100 uA 
iG iii TTL Ion = —400 nA : 
“H” Output Voltage 
OF |) CMOS Igy =—100 nA 


. fecal 
Input Leakage Current Vin = 5.5 V | | 10 | wa 
Output Leakage Current Vout =5.5V CS=0 pF 10 
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= MOS E? PROMS - MSM16911 


AC CHARACTERISTICS 
(Vcc = 4:5 V to 5.5 V, Ta=0 ~ 70°C, unless otherwise specified.) 


Lee a ae x 
100 


(Dis _| Dl Setup Time with respect toCLK Rising | 04 | | | P| 
DI Hold Time with respect to CLK Rising 
Delay Time of DO Rising with respect to CLK 
i Tener s p20] me | 1 
Delay Time of DO Falling with respect to CLK 


“L" Time of Status (Programming Time) 


Note 1: Condition: C_ = 100pF and Vo, /OH = 0.8/2.0 


Figure 1. Synchronous Data Timing 


\ | 

—>tCPH-——__ tCPL 
| | 
| ! t 


ae tpis oa Io 
| 


KX KKXKXKKKKY “AK KKK 


—tDIHhe— | tcsH K— 
] 


| 
\ | 
cs i ig 
—4 <=—tcss 
DO 
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Figure 2. READ Mode 


oLK Are val lye, tel] 


DI rT 1\9__© 2 fanX ATX Ro\ | 
[eee nee ee eee 
Dummy Bit 


[amnion [an ow 


128 x8 A, D 
64 x 16 
Read Mode 


The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical ‘‘0’’) 
Procedes the data output string. The output data changes during the high states of the system 
clock, 


= MOS E? PROMS :MSM16911 # 
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= MOS E? PROMS - MSM16911 = 


Figure 3. PROGRAM Mode 


cs_f OS SA 
eck TL LLLP LPL Leet LI 


pt Sy XK \2_2 AX AOOMG OO GLX 


RDY/BUSY 


128 x8 
64x 16 


Program Mode 


The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. | 


After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 


During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 


During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all ’’1’s”’. 
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= MOS E? PROMS -_MSM16911 @ 


Figure 4. PEN (Program Enable) and PDS (Program Disable) 


aaa we 


CLK 


ENABLE = 11 
DISABLE = 00 
DI 0 oO 0 0 0 0 0 0 0 


PEN AND PDS FOR 128 x 8 ORGANIZATION 


Ce ee 


CLK 


ENABLE = 11 
DISABLE = 00 


DI 1 0 0 0 0 0 0 0 0 


PEN AND PDS FOR 64 x 16 ORGANIZATION 


Program Enable and Program Disable 


Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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u MOS E? PROMS - MSM16911 = 


Figure 5. ERAL (Erase All) Mode (128 x 8) 


CS / | XXX AKK/ 
elk CLL LLLP LL 


DI ; 


RDY/BUSY 


ERAL (Erase All) Mode (64 x 16) 


Gf ee 
eck PLEO SLI. 


fe Nee 0 0D: 


RDY/BUSY 


Chip Erase 


Entire chip erasing is provided for ease of programming and is implemented with the ERAL 


(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set toa ‘'1"’. 


All specifications and details published are subject to change without notice. 
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= MOS E? PROMS -_MSM16911 = 


Figure 6. WRITE ALL 


WRAL (Write All) Mode (128 x 8) 


YAM AAAMASAS 
YR 


Ce LLL LILI 
Ee pe eee ee 9ORX4, XDO\ a ae ae a 


RDY/BUSY 


WRAL (Write All) Mode (64 x 16) 
CS / RONEN 
clk LILI LLL ee LL 


pL /7\2_9 9/7\9 9 0 0 0 RHA 4, FOO 


RDY/BUSY 


Write All 


This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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OKI semiconductor 
MSM16911P 


1.024 BIT SERIAL E2PROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

64 x 16 or 128 x 8 user selectable serial memory 
Compatible with G15911 TOP VIEW 
Self timed programming cycle with auto erase 
Word and chip erasable 

Operating Range —40°C ~ 85°C 

10,000 erase/write cylces 

10 year data retention 


PIN CONFIGURATION 


8 Pin Dual-In-Line 
8 Pin S.O. Package 


81 }(+5 V) Vcc 


7] RDY/BUSY 


BLOCK DIAGRAM 


Vcc GND 


MEMORY 


ORG 


OUTPUT 


ae DO 
REGISTER BUFFER 
DI a 


MODE 
CS DECODE 
LOGIC RDY/BUSY 


CLOCK 
GER GENERATOR 
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= MOS E? PROMS -MSM16911P @ 


PIN FUNCTIONS 


CS Chip Select Memory Array Organization Selec- 


CLK Clock Input tion Input. When the ORG pin is 
DI Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output Organization is selected. When it 
Vcc +5 V Power Supply is COnnected to ground the 128 x 
RDY/BUSY Status Output 8 organization is selected. If the 


GND Ground ORG pin is left unconnected, then 
an internal pull-up device will 
select the 64 x 16 organization. 


INSTRUCTION SET —— 
Comments 
128 x 8 64 x 16 128x8 64 x 16 


= 


Instruction 


Read Address 
AnN-AO 


6 


PROGRAM A,—A, Program Address 


AN-AO 


0000000 
0600000 
0000000 
OO000000 


000000 
000000 
000000 
000000 


PEN 
PDS 
ERAL 
WRAL 


Program Enable 


Program Disable 


Erase All Addresses 


Write All Addresses 


DI/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a ‘‘bus conflict’’ to occur during the ““dummy Zero” that precedes the read 
operation, if Ag is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Ao. 
The higher the current sourcing capability of Ag, the higher the voltage at the Data Out pin. 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 
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=» MOS = PROMS -MSM16911P @ 


ABSOLUTE MAXIMUM RATINGS 


CE 
V Ta=25°C 
Vo 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


-0.3~ Vcc + 0.3 
—55 ~ + 150 


RECOMMENDED OPERATING RANGE 


Ta 


Ta 


Parameter Unit 


Supply Voltage 


Temperature Range 


side 


Data Hold Temperature 


DC CHARACTERISTICS 


(Vcc =4.5V to 5.5V, Ta=—40 ~ 85°C, unless otherwise specified.) 


i a 
Icc1 Vcc =5.5V CS=1 


Vec=5.5V CS=0 
'CC2_ | Dr=0o0r Vcc 


ViH 2.0 
TTL IOL = 2.1 MA 
“L"’ Output Voltage VOL 
CMOS Io, = 100 vA 


Parameter AX Unit 


Supply Voltage 


Power Supply Current 


“L'’ Input Voltage 


“H’’ Input Voltage Vcc +1 


“HH” Output Voltage 


Input Leakage Current 


Output Leakage Current 


Vout = 5.5V CS=0 
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AC CHARACTERISTICS 
(Vcc =4.5V to 5.5V, Ta =—40 ~ 85°C, unless otherwise specified.) 


Unit 


Typ 


3 


o1 
io) 


Symbol Parameter 


Fi 


fCLK CLK Frequency 


tcss CS Setup Time with respect to CLK Falling 


tCSH CS Hold Time with respect to CLK Rising 


=o NM N 
>) ro) ro) 
2 j 

— 


tDIST DI Setup Time with respect to CLK Rising 
tDIH DI Hold Time with respect to CLK Rising 


tCPH CLK Pulse High Time 


nn ” nn n nn n N 


tCPL CLK Pulse Low Time 


t Delay Time of DO Rising with respect to CLK 
PD1 Rising 


Delay Time at DO Falling wich’ respect to CLK 


‘PDO Rising es 


tp “L" Time of Status (Programming Time) 


Note 1: Condition: C; = 100pF and Vo,_/OH = 0.8/2.0 


Figure 1. Synchronous Data Timing 


| | 
—»' CPX TCPL ae | 


= tDis a 


Bd CED MO UNATULATOLN CD CONAN 


DH + 'CSH h— 
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Figure 2. READ Mode 


a ama a a 


ek FLT yr 


DI J 4 1 \ 0 0 0 ZANX : Xx Ao\ —— 
f—-——---_-_____-__- 
Dummy Bit 


Organization 


Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical ‘’0’’) 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 


fe 
eck PLL LLLP Lae LL 


pS G28 AG ROOM Og TXT 


RDY/BUSY 


Program Mode 
The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 


After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 


During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all ‘’1’s’’. 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 


$I 


CLK 


ENABLE = 11 
DISABLE = 00 
DI 1 0 0 0 0 0 0 0 0 0 


PEN AND PDS FOR 128 x 8 ORGANIZATION 


Ca 


CLK 


ENABLE = 11 
DISABLE = 00 


DI 1 0 0) 0 0 0 0 0 0 


PEN AND PDS FOR 64 x 16 ORGANIZATION 


Program Enable and Program Disable 


Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (128 x 8) 


fn ns oer ee ee SY 
eK TLL 


DI ; 


RDY/BUSY 


ERAL (Erase All) Mode (64 x 16) 


CS ee 
cK FLUILIU UU UU UU LU LS eet LIL 


DI 1 O 


RDY/BUSY 


Chip Erase 


Entire chip erasing is provided for ease of programming and is implemented with the ERAL 


(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set toa ‘‘1"’. 


All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 


WRAL (Write All) Mode (128 x 8) 

CS / Oy 

CUT LTD LI 
DL /7\8_9_ 9/G\2_0 0 0 9 0 DONG 7 XOX 


RDY/BUSY 
NY tS \ 
| ! 
<2] 
| tp I 


WRAL (Write All) Mode (64 x 16) 


CS 


CLK LT LT 
DL /7\8_9 O/7\9 9 0 0 0 COXA, FOXX 


RDY/BUSY 


Write All 


This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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OK I semiconductor 


MSM16812 


2,048 BIT SERIAL E7PROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

128 x 16 or 256 x 8 user selectable serial memory 
Microwire™ compatible 

Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range O°C to 70°C 


10,000 erase/write cylces 
@ 10 year data retention 


BLOCK DIAGRAM 


MEMORY 


or 128x16_ 


DATA 
x REGISTER 


MODE 
DECODE 
LOGIC 


CLOCK 
GENERATOR 


PIN CONFIGURATION 
8 Pin Dual-In-Line 


TOP VIEW 
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PIN FUNCTIONS 


Chip Select Memory Array Organization Selec- 
Clock Input tion Input. When the ORG pin is 
Serial Data Input connected to +5 V the 128 x 16 
Serial Data Output organization is selected. When it 


+5 V Power Supply is connected to ground the 256 x 

Non Connection 8 organization is selected. If the 

Ground ORG pin is left unconnected, then 
an internal pull-up device will 
select the 128 x 16 organization. 


Bian Address Data 
Bir | Opcode [ “556 x8 128x16 | 256x8)| 128x16 


A; — Ao 


Comments 


Read Address Ajyy—Ag 


A; — Ao ERASE Address Ayy—Ag 

A; — Ao WRITE Address Ay—Apo 
1 1XXXXXX Program Enable 
OOXXXXXX Program Disable 


Erase All Addresses 
Program All Addresses 


1OXXXXXX 
O1XXXXXX 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voitage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 


| 
% 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


RECOMMENDED OPERATING RANGE 


Supply Voltage —  B+10% V 


DC CHARACTERISTICS 


(Vcc = 4.5V to 5.5V, Ta = 0 ~ 70°C, unless otherwise specified.) 


Supply Voltage 7 
Icc1 Vcec=5.5V CS=1 


Vcec=5.5V CS=0 
'cc2 Di=Oor Vcc 
"L” Input Voltage i re 


TTLIOL = 2.1 mA 
“'L’’ Output Voltage VOL 
CMOS Io. = 100 vA 


Poa 
aa 
2 [0 
pe 


Power Supply Current 


Input Leakage Current 
Output Leakage Current 
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AC CHARACTERISTICS 


foams [ _owerption [Tet Goavan | wim | 0 [Wx [on 
Sl I a Seem ee ae EA 
tcsH__ | CSHold Time | Cs 
fois | o1seuptime «dt SSS | Tid 
toi | DiHoldtime | —“‘*i‘L:CSC | ts 


tpp1 Output Delay to 1 CL = 100pF 
Output Delay to 0 VOL = 0.8V, VOH = 2.0 


Vit = 0.45V, Vip = 2.4 


Output Delay to HiZ 


ns Erase /Write Pulse Width 


reswin | Min cS tow Time «| SSSS~d OT 
fsx | winse rien tine i SSS* a8 P| 
fsccow | MinsKLowTime | SSS~wS8 «Yi 
sv | OuurDeey wo Sats Vold | GL=T00eF «|S S=«*d S00 rw 
SKaK | Monimum Freaveney | || | 


oh CY CLE 
iain aaron Kes 


lois —— pw— pt 
ROE EERE | SER 


ae == bois Bee tos MIN 
= = 
DO | : 


synchronous Timings 


SK 


DEVICE OPERATION 


The MSM 16811 RS has 7 instructions that allow it to read, erase, or write. Each instruction consists 
of a start bit logical ‘1’, an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when V¢¢ falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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READ MODE 


STANDBY 
DI T 1\0_ZANXMX XG KAN 
ar! HIGH Z 
(DIX DOIXRY 


The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical ‘‘0’’) precedes the output data string. 


ERASE/WRITE ENABLE AND DISABLE 


Seal LIL ee eee ey eer 
ot se. peanniee | STANDBY 


ENABLE = 11 Pearce 
DISABLE=00 256X8=6 X's 


After power-up and before starting any programming instruction the EWEN instruction has to be 8 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 


instruction is provided to avoid any accidental programming of the part. The READ instruction is inde- 
pendent from the EWEN and EWDS instructions. 
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ERASE MODE 


After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing tc, spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical ‘1’. 


WRITE MODE 


STATUS -*KSTANDBY 
VERIFY 


After a WRITE instruction has been shifted in with ite corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the tog specification), the DO pin will act as a status indicator 
— it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been set to their proper value. With the MSM16812 it is NOT neccessary to erase a memory 
location before the WRITE instruction. | 


[—Gonteion [AW [ON 
mee | 
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ERASE ALL 


128 X 16= 5 X's 
De oe 


BU 


fe 
ag 1 T yz 
READYOTGH Z 


This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc- 
tion is identical to the ERASE instruction. 


WRITE ALL 


SCL ee eee ee ee er 


les 
cs/ | STATUS Xk STANDBY 
— VERIFY 
DI SNOMED OO ON | 
xX 16=5 X's t —el t 
DO___HIGH Z 256 X 8=6 X's 3 Sv | Tausy ae ie 
ADY'HIGH Z 


EW 


This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besides its different opcode, the WRAL instruction is identical to the 


WRITE instruction. 
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OKI semiconductor 
MSM16912 


2048 BIT SERIAL EEPROM 


FEATURES: 


CMOS Floating Gate Technology 

Single +5-volt supply 

Eight pin plastic package 

128 x 16 or 256 x 8 user selectable serial memory 
Compatible with GI5912 TOP VIEW 
Self timed programming cycle with Auto erase 
Word and chip erasable 

Operating Range O°C to 70°C 

10,000 erase/write cylces 

10 year data retention 


PIN CONFIGURATION 
8 Pin Dual-In-Line 


81 }(+5 V) Voc 
7| | RDY/BUSY 


BLOCK DIAGRAM 


Di 


CS 
RDY/BUSY 


CLOCK 
GENERATOR 
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PIN FUNCTIONS 


CS Chip Select ORG Memory Array Organization Selec- 
CLK Clock Input tion Input. When the ORG pin is 
DI Serial Data Input connected to +5 V the 128 x 16 
DO Serial Data Output Organization is selected. When it 
Vcc +5 V Power Supply is connected to ground the 256 x 
RDY/BUSY Status Output 8 organization is selected. If the 


GND ORG pin is left unconnected, then 
an internal pull-up device will 


select the 128 x 16 organization. 


Ground 


Instruction a Opcode | Adress Comments 
256x8 | 128x16 | 256x8 | 128x16 
Ag — Ao 


READ 


Read Address 
AnN—Ao 


PROGRAM Program Address 


An-AO 


PEN 
PDS 
ERAL 
WRAL 


Program Enable 


Program Disable 


Erase All Addresses 


Write All Addresses 


OQO000000 


Di/DO: It is possible to connect the Data In and Data Out pins together. However, with this con- 
figuration it is possible for a ‘‘bus conflict’’ to occur during the ‘dummy zero” that precedes the read 
operation, if Ag is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving Ao. 
The higher the current sourcing capability of Ao, the higher the voltage at the Data Out pin. 


Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
Vcc has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vcc has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 


Tv 


Output Voltage —0.3 ~ Vcc + 0.3 
Storage Temperature TsTG —55 ~ + 150 “C 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 


RECOMMENDED OPERATING RANGE 


DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V, Ta = 0 ~ 70°C, unless otherwise specified.) 


| “L”’ Input Voltage 
| ““H”’ Input Voltage 


TTLIoy = 2.1 mA 
*“L’’ Output Voltage VOL 
CMOS Io, = 100 vA 
TTL IQH = —400 LA 2.4 


CMOS Ioy =—100 nA 
Vin = 5.5 V 
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AC CHARACTERISTICS 
Se =45Vto5.5V, Ta=0~ 70°C, unless otherwise specified.) 


fe es ree 1 [we 
st CS Setup Time with respect to CLK Falling | of ons | 


tes | CS Hold Time with | CS Hold Time with respect to CLK Rising | to CLK Rising ‘Sincmonenccictes fw] 
Peis | DU Setup Time with pect CLK Rising | 100 [|| ns 
Pion | BI Hold Fine withewpect to GLE Rsing | 10 | |e 
————e ere 


t Delay Time of DO Rising with respect to CLK 
PD1 Rising 

' Delay Time of DO Falling with respect to CLK 
PDO Rising 


Note 1: Condition: C) = 100pF and Vo, /OH = 0.8/2.0 


Figure 1. Synchronous Data Timing 


| 
sete (CPE ee es tcPL 
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Figure 2. READ Mode 


DI 1 1X 9_9 9 fanX TEXAN 
{+-——_-----______—— 


: 


[—ennenon | Av [Ow 


256 x8 Az D 
128 x 16 


Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical ‘’0’’) 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 


cf 
euk LL LLL Lh 


pt Sy O_O AM AOOMG OO VX 


RDY/BUSY 


[onion [Av | w 


256 x8 A, D, 
128 x 16 As Di, 


Program Mode 


The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 


After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 


During the automatic erase/write sequence the RDY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 


During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all ‘’1’s’’. 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 


ENABLE = 11 
DISABLE = 00 
0 0 0 0 


PEN AND PDS FOR 256 x 8 ORGANIZATION 


ENABLE = 11 
DISABLE = 00 


0 


PEN AND PDS FOR 128 x 16 ORGANIZATION 


Program Enable and Program Disable 


Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 


660 


= MOS E? PROMS -MSM16912 = 


Figure 5. ERAL (Erase All) Mode (256 x 8) 


ERAL (Erase All) Mode (128 x 16) 


Chip Erase 


Entire chip erasing is provided for ease of programming and is implemented with the ERAL 


(erase all registers) instruction. Erasing the chip means that al! registers in the memory array 
have each bit set toa ‘'1’’. 


All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 


WRAL (Write All) Mode (256 x 8) 

Sf 
COULD 
DI /7\0_9 9747\9 0 0 0 0 0 XG pOd 4, 7 XX 


RDY/BUSY 
NY rf 
I | 
_———| 
1 tp | 


WRAL (Write All) Mode (128 x 16) 

CSf RR 
cu LILLE LLL LL 
DI /7\9_9 O/7\9_ 9 0 0 0 OBRXHXGO p SVX 


RDY/BUSY 
l 
ees 
! tp | 


Tay [On 


Write All 


This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
RDY/BUSY pin goes low and the self timed write sequence starts. The RDY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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OKI semiconductor 
MSM28C16A 


2K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 


GENERAL DESCRIPTION 


The MSM28C16ARS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 2,048 words x 8 bits using a single 5V power supply. It features easy 
use because it operates with a single 5V power supply and its operation timing is similar to that 
of a static RAM. Byte data rewriting in programming mode starts when the WE and CE signals 
are set to the TTL low (L) level for 100 ns. The address and data bus information are latched in 
the IC, and the system is released for other tasks during the write cycle. Writing in the 
MSM28C16A starts after automatic erasure of the selected byte, and the erase/write cycle 
completes within 10 ms. 


FEATURES 
e Single 5V power supply e Automatic ending of write operation 
e High-speed access: 150ns max. e Built-in protective function for false writing 


200 ns max. e TTL compatible input/output 


e Byte write cycle: 10 ms max. e Pin arrangement in compliance with JEDEC 


e Internal address and data latch in write Standard 


eycle e Compatible with Xicor 2816A 
e Automatic erasure before writing 


PIN CONFIGURATION FUNCTION BLOCK DIAGRAM 
(Top View) 


X BUFFER 
& LATCHE 
& DECODER ARRAY 


16,384 BITS E2PROM 


Ao~Aro 
ADDRESS 
INPUT 


Y BUFFER VO BUFFER & 
& LATCHE 
LATCHE 


VO, & DECODER 


° sie HUSH 


Ap~Ayy :ADDRESS INPUTS WE : VOo~VOz 
VOo~V/07 :DATA VO DATA 

CE :CHIP ENABLE INPUT/OUTPUT 
OE :OUTPUT ENABLE 


663 


= MOS E? PROMS - MSM28C16A @ 


MODE SELECTION 


ele >] we | «© [rw 
ec 


Note) X: Don’t care (Viy or Viz) 


DEVICE OPERATION 


<READ> 


The data in the MSM28C16A can be read by setting WE to high (H), CE to low (L) and OE to L. 
The data becomes valid upon lapse of ta, after the address change, tc after CE setting to L, 
or tog after OE setting to L, whichever is the latest. The I/O pin remain in a high impedance 
state to prevent data bus contention in the system when OE or CE is set to H. 


<WRITE> 


The write cycle starts when WE ani and CEa are set to Land OE is set to H. The address input is 
latched on the falling edge of W WE or CE (Whichever is later). The I/O pin data is latched on 
the first rising edge of WE or CE. The address and data are latched in 100 ns using the TTL 
level write signal. When the data latch ends, the MSM28C16A automatically erases the 
selected byte and writes the new data within 10 ms. 


<DATA POLLING> 


DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, attempt to read the last byte written will output the comlement of 
that data on 1/07. Once the write cycle is completed, all !1/Os will produce true data during a 
read cycle. 


<STANDBY > 


The power consumption decrease greatly by setting CE to TTL H level. 


<ENDURANCE > 


The MSM28C16A is designed for applications each requiring up to 10,000 write cycles per 
byte. 


<DATA PROTECTION> 


Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 


1. Vcc Level Detection 


The write cycle to the device is automatically inhibited when Vcc drops below 3.0V. 
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2. TIME DELAY 


The MSM28C16A automatically inhibits any write operation for the period between 
5 ms and 10 ms after Vcc reaches Vw, level at the time of power up. 

This allows sufficient time for the system to set WE or CE to the H level before the 
start of writing. 


3. OE GATING 
The MSM28C16A inhibits any write operation when OE is at the L level. 


4. WE NOISE PROTECTION 


The write cycle does not start for a write pulse shorter than 20 ns. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
(Ta = 25°C) 


Power Supply Voltage Respect to Vss 
Input Voltage (Note 2) Respect to Vss 
Output Voltaeg (Note 2) Respect to Vss 
Power Dissipation fF pm ftw Per package 
Operating Temperature - 
Storage Temperature - 


Note 1) The stress upon exceeding the absolute maximum rating brings about a 
permanent damage to the device. There are stress ratings only and do not means 
"- functional operations of the device”. They are by no means above the 


operating characteristics in the data sheet. Leaving the device for a long time in 
the absolute maximum rating state may adversely affect the device reliability. 


Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity, but do not use it beyond the maximum rating(s) for safety. 


665 


= MOS E? PROMS - MSM28C16A = 


ELECTRICAL CHARACTERISTICS 
<DC OPERATING CHARACTERISTICS > 


(VCC =5V 410%, Ta= 0°C~70°C) 


} Limits | 
PARAMETER SYMBOL TEST CONDITION UNIT 
pe sone fee 


V 

V 
Output Low Voltage V 
Output High Voltage V 
Vee Voltage for Write Inhibit Via ae V 
Input Leakage Current lu Vin=O~Vec sf 10 | 10 pA 
Output Leakage Current lLo fog Bee pA 


CE= OE = Vit, lo= OmA 
trc = 150ns’*Vcc = MAX 


| lecs | CE= Vcc -0.2V. mA 
Standby Current bse MAX 


Vcc Power Current Icca mA 


<CAPACITANCE > 


(Ta= + 25°C, f=1.0MHz, Vcc = 5V) 


PARAMETER SYMBOL | TEST CONDITION UNIT 
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AC CHARACTERISTICS 
<READ OPERATION> 
(Vcc =5V+10%, Ta=0°C~70°C) 


MSM28C16A-15 MSM28C16A-20 
PARAMETER SYMBOL UNIT 
MAX. MAX. 


Ns 


200 ns 


Read Cycle Time 


Address Access Time 


CE Access Time C 


m 
{oo 
Vl 
oO 


ns 


O 


ct ct c+ ct 
< D 
m nM 


OE Access Time 


CE to Output in Low Z tz oe eae 

CE to Output tn High Z tyz 10 | 50 ft 
OE to Output in Low Z ns 
OE to Output in High Z | tow | 10 | 50 | 10 | 5 ns 
Output Hold Time a Ce ee ee . 


Ns 


ns 


YI 


READ CYCLE 


ADDRESS 


tou 


DATA OUT 


Taa 


AC test conditions Timing Reference Levels INPUT :1.5V, 
OUTPUT: 0.8V & 2.0V 
OutputLoad 1TTLgate and C, = 100 pF 


Input Pulse Levels 0.6 to 2.4 volts 
Input Rise/Fall times 5ns 
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<WRITE OPERATION> 
(Vcc = 5V + 10%, Ta=0°C ~ 70°C) 


LIMITS 


a a er 
ee 
Write Cycle Time twc Sa ae ms 
Address Setup Time | ots | mw [| - | ns 
Address Hold Time re ee ns 
Chip Enable or Write Setup Time tes ae ae ns 
Chip Enable or Write Hold Time tcH a oe ns 
Chip Enable Pulse Width tow | 00 fe ns 
Output Enable Setup Time | tos =| 0 fl ns 
Output Enable Hold Time ee ns 
Write Enable Pulse Width (Note 1) we {| 100 | - | os 
Data Latch Time to P50 fe ns 
Data Setup Time tps ps0 fe ns 
Write Inhibit Time On Power Up | otwr [5 ft ms 


Note 1) WE is protected from noise. The write cycle does not start when the write pulse 
is less than 20 ns. 


PARAMETER 


8 
' 
I 
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WRITE CYCLE 


CONTROLLED BY WE 


ADDRESS 


A505 
16% 
*, 0% 


ye 
‘% 


OO 
OX 


4, 


a 
— 
< 
> 
<L 
- 
<{ 
a 


DATA IN 


O 
”, 


tps tox 


CONTROLLED BY CE 


ADDRESS 


ee 


© 
OO @ 


¥5 


ere’ 


AAAAAAS ii 
srererereroreretore’ 
OLR IOICICICIO ION 

COCO IC III ICD 
orereretereteretoren 
OOOO OOO OO 


ee 


%' 


4 
6a 


DATA OUT 


LAVA 
50525 
OO) 
OO} 
0052525 
CxO 


25 


e 


oe, 
525 


o, 
505 
525 

& 

O 


A 
83 
$25 
O 

OS2525 


\/ 
OO 


LA 
52505 
OO 
OOO 
525252 
oe 


O 
O 


O 
(2 


7, 
O 
$2 


KP 
0, 
*, 
S2 


6 
} 
OOOO 
POLLY? 
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OKI semiconductor 
MSM28C64A 


8K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 


GENERAL DESCRIPTION 


| The MSM28C64ARS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 8192 words x 8 bits using a single 5V power supply. It features easy 
use because it operates with a single 5V power supply and its operation timing is similar to that 
of astatic RAM. The automatic page write allows the system to write up to 32 bytes during a 
single write cycle, providing an effective byte cycle of 312ys/byte. MSM28C64A also supports 
DATA polling to indicate the early completion of a write cycle. 


FEATURES 

e Fastread access time 120 ns e TTLcompatible inputs and outputs 
e CMOS low power operation e 10,000 rewrites per byte 

e 5volt-only operation including write mode e 10 years data retention 

e Automatic page write 1 to 32 bytes in 10 ms max. e JEDEC standard approved byte wide 
@ 


Data polling status indicator | pinout 


PIN CONFIGURATION | FUNCTION BLOCK DIAGRAM 


(Top View) ADDRESS 
BUFFER ROW 
AND DECODER 
, LATCHES 


65,536-BITS 


E2PROM 
ARRAY 


GENERATOR 
INADVERTENT 
WRITE 
nC PROTECTION 
Aro 
32 BYTE 


; HIGH 
Vec VOLTAGE 


CE | CONTROL LOGIC PAGE 
REGISTER 

0, 

VO¢ 

VO; TIMER 


ey, 


DATA 

1/03 POLLING 
| LOGIC 
Ap~Ai2 =: ADDRESS : WRITE ENABLE 
INPUTS : Vec POWER 

VWOo~W/O7 : DATA VO SUPPLY ADDRESS | 

CE : CHIP ENABLE ss : GROUND BUFFER COLUMN 

OE : OUTPUT ENABLE NC :NO CONNECT AND DECODER 

LATCHES 
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MODE SELECTION 


ed a Ce 


Note) X: Don’t care (Vy or Vj) 


DEVICE OPERATION 


<READ> 


The data in the MSM28C64A can be read by setting WE to high (H), CE to low (L) and OE to L. 
The data becomes valid upon lapse of ta, after the address change, tcg after CE setting to L, 
Or tog after OE setting to L, whichever is the latest. The I/O pin remain in a high impedance 
state to prevent data bus contention in the system when OE or CE is set to H. 


<BYTE WRITE> 


The write cycle starts when WE and CE are set to L and OE is set to H. The address input is 
latched on the falling edge of WE or CE (Whichever Is later). The I/O pin data is latched on 
the first rising edge of WE or CE. The address and data are latched in 150 ns using the TTL 
level write signal. When the data latch ends, the MSM28C64A automatically erases the 
selected byte and writes the new data within 10 ms. 


<PAGE WRITE> 8) 


The MSM28C64A contains a 32 byte temporary buffer which allows programming of 1 to 32 
bytes on a single 10 ms nonvolatile write cycle, which can effectively reduce programming 
time by a factor of 32. The 32 byte page into which the data will be written is specified by 
the addresses A5-A12 during the first system write operation following the completion of a 
previous nonvolatile write cycle. The byte within the specified page is identified by the 
adresses A0-A4 during the first and subsequent system write cycles. Bytes can be written into 
the page in any order. Each successive data load cycle, started by WE HIGH to LOW 
transition, must begin within 10 ps of the rising edge of the preceding ‘WE. If asubsequent 
WE HIGH to LOW transition is not detected within 100 ps, the internal automatic 
programming cycle will commence. There is no page write window limitation. The page 
write window is infinitely wide so long as the host continues to access the device within the 
data load cycle time of 10yps. 


<DATA POLLING> 


DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, any attempt to read the last byte written will output the comlement 
of that data on 1/07. Once the write cycle is completed, all I/Os will produce true data during 
a read cycle. 
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<STANDBY > 


The power consumption decrease greatly by setting CE to TTL H level. 


< ENDURANCE > 
The MSM28C64A is designed for applications each requiring up to 10,000 rewrites per byte. 


<DATA PROTECTION> 


Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 


1. Vcc LEVEL DETECTION 


The write cycle to the device is automatically inhibited when Vcc drops below 3.0V. 


2. TIME DELAY 


The MSM28C64A automatically inhibits any write operation for the period between 4 ms 
and 20 ms after Vcc reaches Vy; level at the time of power up. 

This allows sufficient time for the system to set WE or CE to the H level before the start of 
writing. 


3. OE GATING 
The MSM28C64A inhibits any write operation when OE is at the L level. 


4. WE NOISE PROTECTION 


The write cycle does not start for a write pulse shorter than 20 ns. 


gs ABSOLUTE MAXIMUM RATINGS (Note 1) 
(Ta = 25°C) 


Power Supply Voltage Respect to Vss5 
Input Voltage (Note 2) Respect to Vss 
Output Voltaeg (Note 2) Respect to Vss5 
Power Dissipation a Per package 
Operating Temperature - 
Storage Temperature - 
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Note 1) The stress upon exceeding the absolute maximum rating brings about a 
permanent damage to the device. There are stress ratings only and do not means 
“. functional operations of the device”. They are by no means above the 
operating characteristics in the data sheet. Leaving the device for a long time in 
the absolute maximum rating state may adversely affect the device reliability. 


Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity, but do not use it beyond the maximum rating(s) for safety. 


ELECTRICAL CHARACTERISTICS 
<DC OPERATING CHARACTERISTICS > 
(Vcc =5V+10%, Ta=0°C ~ 70°C) 


LIMITS 
PARAMETER SYMBOL TEST CONDITION UNIT 


Input Leakage Current | ty |Vw=0~Vece | -t0 ft pA 
Output Leakage Current So a pA 
|* 


CE= OE = Vit, lo= OmA 
trc = 120ns Vcc = MAX 


Standby Current es MAX 


Vcc Power Current Icca 
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< CAPACITANCE > 


Ta= + 25°C, f= 1.0MHz, Voc =5V 


PARAMETER SYMBOL TEST CONDITION Pwmn. | max. | UNIT 


AC CHARACTERISTICS 
<READ OPERATION > 
Ta =0°C to 70°C, Vcc = 5V + 10% 


28C64A-12 28C64A-15 28C64A-20 


PARAMETER SYMBOL Faas. [omax. | amin. J anax | main. | max. | UNIT 
Read Cycle Time | tec | 120 | = | 150 pp ns 
Address Access Time eee ae ) = | 200 | ns 
CE Access Time Hepp R I 200 ns 
ccmcestne | om |- [| @|- || - |» 
coommno? | w || -|~>-| 6] 
crwowotnion? | ox | | - | f- |e] -_ 
cuoutnowtne | om | >] - |=] -| | - 


=) 
wn 


a] 
wn 


>) 
w 


= 
Ww 


=) 
“ 
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READ CYCLE 


ADDRESS 


DATA OUT SEEK DATA VALID > 


O 
. 


fo 
e 
taa 


AC test conditions Timing Reference Levels INPUT :1.5V, 
OUTPUT: 0.8V & 2.0V 


Input Pulse Levels 0.6 to 2.4 volts OutputLoad 1TTLgate and C, = 100 pF 


Input Rise/Falltimes 5ns 


<WRITE OPERATION> 


LIMITS 
PARAMETER SYMBOL UNIT 


Write Cycle Time aes 
Address Setup Time a 


Address Hold Time tan 


Chip Enable or Write Setup Time tcs 


Chip Enable or Write Hold Time tcH oe ns 
Chip Enable Pulse Width | tw | 150 f= ns 
Output Enable Setup Time | tos | to |e ns 
Output Enable Hold Time | ton f 10 |= ns 
Write Enable Pulse Width twp ee es ns 
Data Setup Time tps Le Oe ee ns 
Data Hold Time toy pt fe ns 
Data Load Time (Page Write) tpl p05 | 10 ps 
Write Inhibit Time On Power Up a ee ee ms 
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BYTE WRITE CYCLE 


% 


J 2 @ 
SOOOOOIOKR IOI ION) 
‘orerererereterore oreo, 
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@eseseeseeeesee ee 
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© 
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CONTROLLED BY WE 
ADDRESS 


tcH 


tes 


AA 
252505 
ate 
50505 
52525 
totete 
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e505 
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35 
rotetete: 
ecetete® 


O 
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O 
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OO 
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Se 
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© 
O 


CE 


LRA PARARAA/ 
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torereretereres 
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Ye 
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DATA OUT 
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— 
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CONTROLLED BY CE 


ADDRESS 


DATA OUT 


O 
oO 
O 
O 


2 
2505 
525252 

S525 
22005 


~ 
O 
O 
O 


OO 
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O 
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ee 
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osesee 
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676 


= MOS E? PROMS - MSM28C64A » 


PAGE WRITE CYCLE 


twe te. to. 


—| bo 
= WY) 


ADDRESS (i Ga Ge (/ i Ga Gan a 


Ao~Aa twe 


ADDRESS (me /W| Mw. 


As~Ai2 


10 WK XX > 


BYTEO BYTE 1 BYTE 2 BYTEn BYTEn+1 BYTEnN+2 
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OKI semiconductor 
MSM28C256 


32Kx8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 


GENERAL DESCRIPTION 


The MSM28C256RS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 32,768 words x 8 bits using a single 5V power supply. It features 
easy use because it operates with a single 5V power supply and its operation timing is similar to 
that of a static RAM. The automatic page write allows the system to write up to 64 bytes during 
a single write cycle, providing an effective byte cycle of 156p:s/byte. MSM28C256 also supports 
DATA polling and toggle bit to indicate the early completion of a write cycle. 


FEATURES 

e Accesstime 200 ns e Software Write Protection 

e Power Dissipation: Icca 60mMA MAX, Iccs 100HA MAX e TTL compatible inputs and outputs 

e 5volt-only operation including write mode e 10,000 rewrites per byte 

e Automatic page write 1 to 64 bytes in 10 ms max. e 10 years data retention 

e Detection of Write Completion Data Polling e JEDEC standard approved byte wide 
Toggle Bit pinout 


PIN CONFIGURATION FUNCTION BLOCK DIAGRAM 


(Top View) ADDRESS 
BUFFER ROW 
AND DECODER 
LATCHES 


GENERATOR 


262,144-BITS 
E2PROM 


A INADVERTENT 
1 WRITE 


OE PROTECTION 


A 

ets 64 BYTE 

CE CONTROL LOGIC PAGE 

i REGISTER 
; a, 

Og 

V0. TIMER 


VO, 


DATA 
V0; POLLING 
LOGIC 
Ay~Aia_: ADDRESS WE: WRITE ENABLE 
V/QOo~!'/0, : DATA VO SUPPLY ADDRESS 


CE : CHIP ENABLE Vs, : GROUND BUFFER COLUMN 
OE : OUTPUT ENABLE AND DECODER 


LATCHES 
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EB ASMP 


MSM514212 
MSM514221 
MSM514252 
MSM51C262 
MSM514201 


5k x S Line Memory: sce seco ease sa eee eae ees ees 681 
262,263-Word x 4-Bits Field Memory .............60-: 692 
262,144-Word x 4-Bits Multi-port DRAM .............. 700 
65,536-Word x 4-Bits Multi-port DRAM ............... 727 


1,048,576-Word x 1-Bits Serial Register ............... 757 


OKI semiconductor 
MSM514212 


5KX8 LINE MEMORY 


GENERAL DESCRIPTION 


The MSM514212 is a high speed FIFO line memory organized as 5048 words by 8 bits. OKI's 1 
micron CMOS technology and advanced circuit design architecture provide higher speed access 
time and lower power consumption. 


The MSM514212 design incorporates well experienced 1M DRAM cell fro main memories. This 
allows the MSM514212 high performance and high reliability. 


The MSM514212's first read/write bit just after read/write reset operation requires no extra 
waiting time for synchronized access. This enables the MSM514212 continuous uniform 
synchronized access. 


The MSM514212's read and write operations are independent and asynchronous. So, the 
MSM514212 allows system design wide flexibility. 


The MSM514212 has the applications as one line delay device for fast facsimiles and digital copy 
machines, buffer memory for machines having different system clock haa and synchronize clock 
standarizer memory for memories controled by multi-inputs. 


Having 28ns fact cycle time, the MSM514212 can also be applied as digital line memory for NTSC, 
PAL and SEC AM video systems having 8 fsc cycle time. 


The MSM514212 provides variable delay bits, from 40 bits to 5048 bits. The wide range variable 
delay bits is convenient when more than one line bits delay is required for noise reduction or 
digital filter of VTR, IDTV, ED TV and HDTV systems. 


FEATURES 

@ Capacity : 5048 x 8 bits 

@ Access :  WOasynchronous 
e Access time : 28nsec (MIN.) 

@ Cycle time > 28nsec(MIN.) 

® Delay bits : Variable (40-5048) 
@ Package > 400 mil 28 pin ZIP 
@e Current consumption > 120mA(MAX.) 

@® Operating voltage range > = 64.5V~5.5V 

@ Operating temperature range : 0°C~70°C 
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# ASMP -MSM514212 = 


PIN CONFDIGURATION 


MSM514212 


| | | | | | | | | | | | | | | | | | | | | | | | 
4 6789 


1011121314151617 18192021 2223 24252627 28 


GND : Ground 15. RCK : Read clock 
GND Ground 16. GND Ground 


Data input 18. DOUTS Data output 
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MSM514212 PIN DESCRIPTION 


DO0O~DO7 Data output. Access time is measured from RCk rising edge. 


DIO~DI7 Datain. Input setup-time and hold-time is measured from WCK rising edge. 


Read clock. Read operation occurs synchronized with RCK clocks when RE 


level is low when read operation, read address pointer incremention also 
occurs. 


Read enable. Output operation is prohibited synchronized with RCK when RE. 


level ishigh. Then, read address pointer is stopped. When RE level is low, 
output operation is enabled. 


Read address pointer reset. Read address pointer is reset synchronized with 
RCK when RR is low. RR setup time and hold time are measured form RCK 

rising edge. When delay bit number comes to 5048, read address pointer is 
automatically reset. 


Write clock. Write operation is prohibitted synchronized with WCK when WE 
level ishigh. Then, write address pointer is stopped. When WE level is low, 
input operation ts enabled. 


Write enable. Input operation Is prohibited synchronized with WCK when 
WE level is high. Then, write address pointer is stopped. When WE level is 
low, input operation is enabled. 


Write address pointer reset. Write address pointer reset operation starts at 
the WCK rising edge when WR level is low. WR setup time and hold time are 
measured from WCK riisng edge. When delay bit number comes to 5048, 

write address pointer is automatically reset. 
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ELECTRICAL CHARACTERISTICS 


@ Absolute Maximum Ratings 


Pin voltage relative to Vss Pvp ft 7.0 | V 
Circuit output current Pop fo 


@ Recommended Operating Condition 


Supply voltage 


ui 
Ww 
ro) 
vt 
ui 
< 


@ DC Characteristics (on the recommended operating conditions) 


Input leakage current Fie 4 Vi =0~Vc¢c, Other pins are 0V | -10 | | 10 | pA 


Output leakage Vo =0~5.5V, DOUT high " 
current inpedance B 
| Output high level 
@9 voltage VOoH owe fe |] : 
Output low level _ 
voltage Vou ee ee ee ce : 
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@AC Characteristics - On the recommended operating conditions 


514212-28 514212-34 514212-50 


Parameter Symbol Unit 
Pan ef we wn [a 
Write clock cycle time ns 
Write clock pulse width P twew le a oe ns 
Write clock precharge time | twee | 11 | | 14 ff 20 | ns 
Read clock cycle time | tee | 28 | | 34 [ | 50 fo ns 
Read clock pulse width | tew | 1 ff 14 ff 20 | fons 
Read clock precharge time fe ar Cees eee eae ns 
Cycle access time right after reset Pee | a eo ns 


Output hold time right after 
reset elet tse 141 2 


Output low impedance period | tz | 5 | 28 | 5 | 34 | 5 | 40 | ns 
Output high impedance period tyz | 5 | 28 | 5 | 34 | 5 | 40 | ns 
Input data setup time tps Pate. eae |, abe ye 2 | ns 
Input data hold time | te | 5 | | 5s | J 5] | ns 


WRIRR setup time from 


WRIRR nonselective time 1 from ‘ : : : 
WCK/RCK RN1 i 
WRIRR nonselective time 2 from 


WE nonselective time 1 from 
WE nonselective time 2 form 


RE setup time from RCK | tes | 11 | [| 4] fis [| ns 
RE hold time from RCK | ten | 5 | | 5 | | 5s |] | ns 
RE nonselective time 1 from RCK f tem | 5 | | 5 | | 5 | | ns 
RE nonselective time 2 from RCK | treen2 | 11 {| 14 {|  f 15 | | ns 
WE high level period | tww | o | | o | fo |} | ns 
RE high level period | tew | o | f| o | | of | os 


WR low level period (Write reset t ns 
period) eid 
WR low level period ;(Read reset t ns 
period) ina 


685 


= ASMP -MSM514212 = 


WRITE CYCLE 


READ CYCLE 


CYCLE n CYCLE n+1 CYCLE nN+2 DISABLE CYCLE CYCLE n+3 


tack 
crn 


trep 
eee 


RR="H” LEVEL 
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WRITE RESET CYCLE 


CYCLE n RESET CYCLE CYCLE 0 CYCLE 1 


tanz 


tos ton 


Pw (n=) .. 


WE = “L” LEVEL 


READ RESET CYCLE 


CYCLE n RESET CYCLE CYCLE 0 CYCLE 1 


Pw (n=) ZZ <7 |) YY, =a ey 


OH OH tou OH 


RE="L” LEVEL 


NOTE: Read/Write reset cycle is not necessarily required 
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1H DELAY TIMING 


HeeXZ) 


WR, WE = “L” LEVEL 
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n bit DELAY TIMING (1) 


tac 


) 


WR, WE = “L” LEVEL 
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n bit DELAY TIMING (2) 


WR, WE = “L” LEVEL 
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n bit DELAY TIMING (3) 


ton 
tos —> 


WM OYVOGOGEGEGOZGE 


ton 


WR, WE = "L” LEVEL 


OKI semiconductor 
MSM514221 


262, 263 words X 4 bits field memory 


GENERAL 


MSM514221 is a CMOS dynamic memory device organized as 256K + 120 words by 4 bits; it is a 
serial access memory that performs high speed, asynchronous read/write operation. It is used 
mainly for fields of digital TV/VTR that requires higher speed operation, lower power 
consumption, and larger capacity. Minimizing its external control pins allows itself to be packaged 
in a standard, plastic 300mil 16PIN-DIP. | 


Serial read/write operation of MSM514221 can be separately controlled asynchronously and in a 
different clock rate with dedicated clock. Also, access time and read/write cycle time synchronizes 
with the clock, and its execution can be standard immediately with any address without wait time. 
MSM514221 has a built-in, self refresh control circuit, which requires no external refersh. 


FEATURES 
@ 512x512 x 4 bit organization @ Power voltage single 5V + 10% 
@ High speed FIFO operation @ 16PIN 300mil width, plastic DIP 
sebial aaa elles Zonaieone @® 1.2m standard CMOS DRAM process 
e Serial read/write 30nS/60nS 
cycle time @ TI's TMS4C1050 compatible 


@ Low power consumption 275 mW max. at 
the highest speed 


PIN CONFIGURATION 


serial write clock 
serial read clock 


WE : write enable 
RE : read enable 
RSTW > =6reset write 


12 | | Doutd RSTR :  resetread 

Din 0-3 : datainput 

Dout 0-3 : dataoutput 

10 |_| Dout2 Vec > power supply ( + 5V) 
Vss > ground 


11 |] Dout1 
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SRCK O—> 


RSTR O—> 


RSTW o> 


SWCK Oo—> 


Serial read 
timing controller 


Read reset 
controller 


Read /write 
select switch 


Write reset 
controller 


Serial write 
timing controller 


Dout 0 Dout 1 Dout 2 Dout 3 
©) @ 


256 word 256 word 256 word 256 word 
data register | dataregister | dataregister | data register 


256K 256K 256K 256K 
memory memory memory memory 
array array array array 


256 word 256 word 256 word 256 word 
data register | dataregister | dataregister | data register 
120 word 120 word 120 word 120 word 

Sub-register Sub-register Sub-register Sub-register 
120 word 120 word 120 word 120 word 
Sub-register Sub-register Sub-register Sub-register 
a a 
Data-in Data-in Data-in Data-in 
a <a — = 


! 0 Din 1 Din 2 Din 3 


X. 
decoder 


=7— 


Read/write 
and refresh 


¢amE controller 


Clock 
oscillator 
VBB 
generator 


OWE 


WVYSVIG AD018 
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PIN FUNCTION 


® Data input (Din 0-3) 


Used for serial data input. 


® Data output (Dout 0-3) 


Used for serial data output. 


@ Reset write (RSTW) 


Used as a reset input pin for initializing (return to address 1) write address pointer. 


e Reset read (RSTR) 


Used as a reset input pin for initializing (return to address 1) read address pointer. 


@ Write enable (WE) 


When this pin is at “L” level, write operation is disabled, and the internal write address pointer 
remains unchanged regardless of the SWCK input. 


@ Read enable (RE) 


When this pin is at “L” level, read operation is disabled, and the internal read address pointer 
remains unchanged regardless of the SRCK input. The output becomes high impedance stage. 


@ Serial write cloick (SWCK) 


Clock input to this pin executes write operation. 
The write operation synchronizes with serial write clock while the WE is at “H" level; internal 
write address pointer is also incremented simultaneously. 


e@ Serial read clolck (SRCK) 


Clock input to this pin executes read operation. 
The read operation synchronizes with serial read clock while the RE is at “H” level; internal read 
address pointer is also incremented simultaneously. 
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OPERATION MODE 


@ Write cycle 


Write operation is executed synchronizing with SWCK clock when WE is enabled (at “H” level). 
At this time make sure to perform RSTW operation first to initialize internal circuit. When 
finishing write operation, make sure to RSTW operation first to transfer the last data to memory 
cell. At this time, disable WE ("L") and perform RSTW operation to properly transfer data to the 
last address. If the RSTW operation is performed with WE enabled (“H") the data is not written 
on the last address but on the first address. 


@ Read cycle 


Read operation is executed synchronizing with SRCK clock when RE is enabled (at “H” level). 
At this time make sure to perform RSTR operation first to initialize internal circuit. 


@ Power up 


To perform normal memory operation, start operation with more than 100 psec of a pause after 
Vcc has reached the specified voltage after the power up. AT this time, execute RSTW and RSTR 
operation, and perform initialization of each pointer since the locations of internal read address 
pointer and write address pointer have not been fixed. After reset operation, data read/write 
operation can be started with the first address (address 1). 


e Read access of new data 


In reading new data (when the written data is read immediately after the write operation), the 
difference between read address and write address must not be less than 600, and not be more 
than 262, 263. 


@ Read access of old data 


In reading old data (where the data written before the writing operation is read), the difference 
between read address and write address must be within zero and 119. 
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= ASMP -MSM514221 = 


ELECTRICAL CHARACTERISTICS 


® Absolute maximum rating 


Description Ratings 
piavhage 7.07.00 
Output short circuited current 50mA 
Allowable power loss | pp |TAszsec 1W 
Operation temperature ce a 0~70°C 
Storage temperature tg: ee - 55~ 150°C 


® Recommended operation condition 


Description MAX. Unit 
Power voltage Vec V 
Power voltage Vss a re a ae ae ae V 
Input “H” voltage Vin Vec V 
Input “L” voltage Vit ie oe eee eee ov 


@ Direct current characteristics 


Description Sevbn |__Mewevingentien | nama unit 
Power current (operating) Pict | tec=min =| 0 mA 


@ Pin capacity 


(Ta = 25°C, f = 1MHz) 


Description Symbol Unit 
Input capacitance (Din, SWCK, SRCK, RSTW, RSTR, WE, RE) F 
Output capacitance (Dout) 
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= ASMP -MSM514221 # 


e Alernate current characteristics 
(Vec=5V +t 10%, Ta=0~70°C) 
MSM514221-3 MSM514221-6 


Description Symbol Unit 
pmax. | max. | min, | max. | 
Dout access time from SRCK eee ee ee ee ns 
Dout hold time from SRCK l tore | to | | a | | ns 
DoutholdtinesromnnE =e I a 7 
pce ne 7 Or oe ee ee " 
Input data hold time fte | 1 | | a [| | ns 
Write instruction hold time twa. Oo Oe ns 
Read instruction setup time fies | o [| [| o | | ns 
Read instruction hold time finn =| 0 | | o [| ns 
Rise time and fall time ns 


(Note) 


1. The input voltage reference levels stipulated in the timing specification are Vj, = 2.4V and 
Vit = 0.8V. The tT is a transition time betwen Vj, = 2.4V and V;, = 0.8V. 


2. Rise and fall times Tt of all the cycles is specified as 3ns. 


3. During asynchronous execution of write and read, the difference between write address 
and read address should not be less than 600. 


4. Toread data that was written during a cartain cycle, read cycle should be executed with an 
address difference more than 600. However, if the read address is less than 119, compared 
with the write address, the old write address is output. 


5. Where the read address is, compared with the write address, between 120 and 599 and if it 
is not less than 262, 263, there is not guarantee in the output data. 
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= ASMP -MSM514221 = : 


Write Cycle Timing (Reset Write) 


«—n cycle <n +1 cycle-—»j<—1 cycle 
| Vin 
SWCK 
: — Vit 
_tRSTWH_, 
Se Vi 
RSTW ? 
ew IE 
tox 
<<_>- 
tps 


» DODO DA: 


WE 


Vit 


Write Cycle Timing (Write Enable) 


<—n cycle 


disable 
~~cycle 


<n + icycle> | 
Vin 


— Vit 
— Vin 


Vit 


a 


RSTW 


698 


= ASMP -MSM514221 mg 


Read Cycle Timing (Reset Read) 


~«—n cycle <n + 1 cycle -»j<«—1 cycle 


Vin 


SRCK ; 
— Vit 
. trsTRH 
———— SS Vin 
oan Bed 
— Vit 


tppck 
tac 


DD VB VK O 


— Vin 


Vit 


Read Cycle Timing (Read Enable) 


disable 
«—n cycle ~cycle <n +i cycle> 


tac twre 


~<—tppre 


ia 
Li’ WG 
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@9 


OKI semiconductor 
MSM514252 


262, 144 words X 4 bits Multi-port DRAM 


< Fast Page Mode > 
DESCRIPTION 


The OK! MSM514252 is a high speed 1M bits Multi-port Dynamic Randam Access Memory designed 
especially for high performance graphics applications. The multiport DRAM consists of a 256K x 4 
bits DRAM port with multiplexed addresses and a 512 x 4 bits serial Read/Write port. 


The multi-port DRAM uses OKI’s N-well CMOS process combined with silicide technology and a 
single transister dynamic storage cell. The technology provides wide operating margins as well as 
high density and low power dissipation. 


In addition to the conventional 1 megabit random access port which has fast page operation 
mode, the multi-port DRAM has a second fast serial access read/write port with a clock rate of 
33MHz for driving a video-type display. 


The multiport DRAM has an internal 512 X 4 bits shift register which can be parallel loaded with an 
entire row of data from sense amps in a special cycle which is referred to as the Read Data Transfer 
Cycle. Data is shifted out via the serial port for screen refresh, independent of the random access 
port. The shift register is also used to write 512 X 4 bits of data to connected sense amps in a 
special cycle which is referred to as the Write Transfer Cycle. Serial read and random read/write 
operation can occur simultaneously except when the serial shift register load operation must be 
synchronized with any random access port operations. Serial write and random read/write 
operations can occur except in a Write Data Transfer cycle. 


The 512 X 4 bits shift register can supply a constant 33 MHz, four-bit wide data stream. The shift 
register requires no refresh operation because it uses static CMOS flip-flops. 


FEATURES 
m@ Dual Port ™@ Bidirectional Data Transfer 
eRAM port : 256K words X 4 bits e Read Data Transfer: 
eSAM port :512 words X 4 bits From RAM array to data register 


Writ Transfer: 
mM Fast Access : pate Maile 


eRAM port :Cycle time 190 ns (MIN) 
:Access time 100 ns (MAX) 

eSAM port :Cycle time 30 ns (MIN) 
:Access time 30 ns (MAX) 


From data register to RAM array 

e Pseudo Write Data Transfer: 
No data transfer from data register 
to RAM array 


m Asynchronous Operation (Except during m -Pornter Contra! 


data transfer period) e Addressable serial read/write start bit 


( 
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FEATURES (Continued) 


m Write Per Bit 
e Write mask to any combination of 
the 4 bits on the random access 
pins 


m Continuous Serial Read 
e Real time data transfer from the 
RAM array to the data register 


m Fast Page Mode 
e Fast Page Cycle : 55ns (MIN) 
e CAS Access Time: 35 ns (MAX) 


= ASMP -MSM514252 = 


Refresh Capabilities 
e RAS Only Refresh Mode: 512 cycle/8 ms 
e Hidden Refresh Mode 
e CAS before RAS Refresh Mode 


Full TTL Compatibility 


Single Power supply 
e5V + 10% 


JEDEC Pinout 
400 mil 28 pin ZIP 


PIN OUT 
nc CO 
W2/102 
w3/1I03 pat 
SE 
sio2 C1 
S103 
vss 
SC 
sioo 
S101 
DT/OE 
WO/I00 
W1/101 Bedahais 
WB/WE 
NC pas 
RAS 
A8 
AG 
AS 
A4 
Viae 
A7 
A3 
A2 
Al 
AO 
NC oe 
CAS 
28 PIN ZIP 
cc = SERIAL CLOCK RAS = ROW ADDRESS STROBE 
S100-3. = SERIAL DATA IN, DATA OUT A0-8 = ADDRESS INPUT 
DT/OE = DATA TRANSFER ENABLE, DRAM VCC = POWER(+5V) 
WB/WE = WRITE PER BIT/WRITE ENABLE SAE =“ COLUMN ADDRESS STROBE 
NC = NO CONNECTION 
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COL 


WO0/I00 Wi/IO1 W2/102 W3/103 


O O O O 
/O buffer /O buffer /O buffer /O buffer 


OE clock 
generator 


Write mask 
control 


WB/WE 


WB/WE clock ? 
generator 
x 
d Transfer 
: 256k memory |256kmemory | 256kmemory | 256k memory control 
— _ | CAS clock oy attey sae oe, ied 
CAS O ; 7 d- 
generator e 
: 
SE clock = 
| { { generator aE 
ae RAS clock 512 data 512 data 512 data 512 data 
generator register register register register 
; ; SC clock 


X address 
buffer 


SI/O buffer S/O buffer SI/O buffer S/O buffer 
O O O) O 


S100 $101 $102 $103 


Y address 
buffer 


Refresh 
address 
counter 


VBB generator 


h 4 


RAS CAS 


WVYSVIC 400718 


@ CSCVLSINSW : dINSV & 


= ASMP -MSM514252 = 


ABSOLUTE MAXIMUM RATINGS 


CAPACITANCE (Ta = 25°C, f = 1MHz, Vi = 25mVrms) 


Min 


RAS, CAS, WB/WE, SC, SE, DT/OE. 


pos? SSOS~wSSC‘i 


RECOMMENDED OPERATING CONDITIONS 
(Ta = 0~70°C, unless otherwise noted) 


Limits 


Symbol Parameter pits Unit 
supplyVoltage | 8 | | 


*All input voltages are with respect to Vss 


<!i!<c}yciuc 


DC CH ARACTE RISTICS (Ta =0~70°C, Vcc =5V + 10%, Vss = OV, unless otherwise noted) 


Parameter 


Low-level output voltage | lo, =4.2mA er 


; Output nonactive, 
OV =VinS Vcc, Other 
ee pee pins pot fe 


* Current flowing into an IC is positive, out is negative 


Test conditions 
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@ ASMP -MSM514252 = 


DC CHARACTERISTICS (Cont.) 


Symbol 


Icc1(AV) 
icc2** 


Icc3(AV) 


Icc4(AV) 


Icc5(AV) 
Icc6(AV) 
Icc7(AV) 
Icc8(AV) 


icc9(AV) 


icc 10(AV) 


Icc11(AV) 


icc 12(AV) 


Parameter . MSM514252 
Unit 
eae 
Serial I/O port 


Random R/W cycle (RAS, CAS > 

Address cycling, tRC = tRC (min)) Standby (SC = Vi,) ie mA 
Standby (RAS = CAS = Vin, Standby (SC = Vj) 

Dout = HZ) : sa aes 
RAS only refresh cycling Standby (SC = Vi) 70 mia 
(CAS = Viy, tRC = tRC (min)) eye sa ne 


Page mode cycle, 
(RAS = V;,, tPC = tPC(min) Standby (SC = Vj) 
CAS cycling) 


CAS before RAS refresh _ 

RAS/CAS Cycling, (tRC =tRC(min)) | tandby (SC= Vi) | 70 | 60 mA 
Data transfer cycle, (DT/OE, CAS a 

RAS cycling, (tRC = tRC(min)) srendpy GEE Miy ia 
Random R/W cycle (RAS, CAS Active 

cycling, tRC = tRC(min)) (tSCC = t8CC(min)) ie 
Standby (RAS = Vjy, Dout = HZ) Active 

RAS only refresh cycle, (RAS Active 110 new 
vere: CAS = Vin, tRC=tRC(min)) | (tSCC = tSCC(min)) 


Page mode cycle 


Active 
(RAS = Vj, CAS cycling, a 
tRC = tRC(min)) (tSCC = tSCC(min)) 


CAS before RAS refresh Active 110 A 
(RAS, CAS cycling, tRC=tRC(min)) | (tSCC = tSCC(min)) m 
Data transfer cycle ieee 

DT/OE, RAS CAS cycling, . 3 125 | 105 | mA 
tRC = tRC(min)) (tSCC = tSCC(min)) 


* Icc (AV) is obtained with the output open. (AV) specifies average value. 
** If Vins = VecX0.9 and V), S0.6V, then Icc2 S$ 1.5mA. 


704 


@ ASMP -MSM514252 # 


TIMING REQUIREMENTS-Dynamic Access (vec =5v + 10%, Ta = 0-70°C) 


a ae -12 Unit | Note 
| Min. | wax. | win. | MAX. | 
tRC__| Randomreadorwritecycletime | 190] - | 220| =| 
tRMW isso modi ane geenm’ 28) IB a ah 

Fast page mode | Fastpagemodecycletime | time 55} - | 70] - | ns | 


tPRMW | Fast page mode read/write cycle a 32 4 Be 
time 


TRAC | Accenstimetrom@as Sd) —«dY CO ws 
rd inst ae be ee 


tCLZ Qutput low impedance time from i a al 
CAS 


tOFF 

tT [AR NE SOO 
tRP_ | RASprechargetime | 80] | 90] ns 
tRAS 
tRSH_ | RASholdtimefromcas | 5] || 
tCSH_ | CASholdtimefromRas | 100] = | 120] ns 
tCAS 
tRCD 7 
tRAD CE en ee 
tcRP_ | CAStoRASprechargetime | 10] = | 0] in 

tCPN eas pedrgesme [sf ef 


tcP ‘CAS precharge time (Fast page 15 
mode) 


tASR_ | Rowaddresssetuptime | OT Os 
uOe Faw eldrasheld ine | 8] sf 
tASC j++} 


tCAH Column | Columnaddressholdtime =| hold | Columnaddressholdtime =| 9 
si Ee a a 
reference to a 
twP Write command p ube’ width im 

tRWL Cre ot ae OE ee aE 

tCWL__| WritecommandtoCASieadtime | 25] - | 30] - | ns _ 

tDS__| Data-insetuptime | | | s | 

DH | Datainholdtime | 20] || ns 

tREF | Refresh period (512 cycles: ad~as) | -| 8] =| 8s 

twes__| writecommandset-up itime | _—so | - =| oo] - ds ns | 6 

tcwo | CAStoWEdelay ss | 5] = | | Cls | 


Symbol 
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= ASMP -MSM514252 = 


TIMING REQUIREMENTS-Dynamic Access (vec =5v + 10%, Ta =0-70°C) 


ree po to 2 | Unit | Note 
| Min. | max. | min. | MAX. | 
D_| ColumnadresstoWEdelaytime | 85] - | 100] - [ns | 6 


tCSR RAS to CAS set-up time (CAS before ee Ee 
tCHR RAS to CAS hold time (CAS before 
RAS) 


tRPC CAS active delay from RAS 
precharge | 


tOEA Access | AccesstimefromOE | AccesstimefromOE OE Sade ye 


tOED |OEdelaytime |OEdelaytime time 


tOEZ OE to data output buffer turn-off = 
oer mat 


tWCH SNe | Writecommandholdtime si hold time 


tOEH or a a ee I 
tRCS__| Readcommandset-uptime | Of | Of ns 
tRCH | Readcommandholdtime | Of | ot ns | 
tAR etnmieetontinenen Ns 1 LAN ai 
tRAL a oe i oe SN I nO 


RAS. 


tDHR|DatainholdtimefromRAS | 75] | 90] 
ine aca HS 
tROH [RASholdtimereferencetoOE | 20] | 20] = ns 
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a ASMP -MSM514252 a 


TIMING REQUIREMENTS-Serial Access (vec = 5v + 10%, Ta = 0-70°C) 


MSM514251 


Pin. | max. | min. | MAX. | 
tscC__| Serialclockcycletime_———— | —30{ = | 40] ns | 
tscA__| Accesstimefromsc_ |S | 30 | - | 40 | ns | 
tSEA__| AccesstimefromSE | =; | 30—| = | 40 | ns | 9 
tSP SC pulse width a Le Re | 
tscp__| SCprechargetime | S10 |= = 
tSOH ae) a) 


tSEZ SE to serial output buffer turn-off 
delay 


symbol Unit | Note 


tS!S Serial | Serialdata-inset-uptime -in | Serialdata-inset-uptime time 
tSIH__| Serial data-in hold time a 
tDTS PRAStoDTset-uptime == to DT PRAStoDTset-uptime == time 


tRDH | RAS to DT hold time (Read transfer a al hd 
C CEH sas 


tOTH ['RAStoDTholdtime | S| S| 

tCDH = aan ae ee coe 
tSDD_| LastsctoDTdelaytime | to] = | tf ns 
tSDH__| DTtotstsCholdtime | St] = | to] ns 
tDTR | DTtoRASholdtime | to] = | ts 
tRSD_|'RAStotstsCdelay | 85 || 105| ns 
tesd__| CAStotstscdelay S| S| || s | 
(MWS |"RAStoWEset-uptime S| | = | | s 
tMWH |"RAStoWEholdtime | S| |S Ts 
tMS__| RAStomaskdataset-uptime |_| = | | ns 
(MH Eas tomeskdatahold ume __f__18|_-__1_ 361 t os 


tSRZ RAS to serial output buffer turn-off 10 
Selay 


ae ee ee 

tSRD aN Ce ae) Ae 
SID [RAStoserialdataindelay | 50] | Os 
S2D__| SerialdataintoDTdelay | OT Os 
HED? | PASOSE SECU NMG A a | 
a FES) Re ee 
tswS | Serialwriteenablesetuptime || =| Ons 
tSWH | Serialwriteenableholdtime | 30] =| 40s 
tSWIS_| Serialwritedisableset-uptime |_| =| OTs 
tSWIH | Serial writedisableholdtime | 30] =| 40] ns 
tLZ_ | DTtoserialdata-outdelay | SY OY ts 
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= ASMP -MSM514252 = 


NOTE 


708 


It is measured between V\4(min) and V; (max). 
Measured with a load circuit equivalent to 100pF and 2TTL. 


tOFF(max) and tOEZ(max) define the time at which the output achieves the high 
impedance state (lout + 10uA) and are not referenced to Vou(min) or Vo, (max) 


Either tRRH or tRCH must be satisfied for a read cycle. 


Measured from the CAS falling edge when the cycle is early write and measured from 
the WE falling edge when read-modify-write. 


tWCS, tWH, tCWD, tRWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tWwCS2tWCS(min) and 
tWH 2 tWH(min), the data out pin will remain open circuit(high inpedance) through the 
entire cycles ; If tCcWD2tCWD(min), tRWD2tRWD(min) and tAaWD2tAWD(min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. 
If neither of the above sets of conditions is satisfied, the condition of the data out is 
indeterminate. 


tRCD(max) is specified as a reference point only. When tRCD its less than tRCD(max), 
access time is tRAC. When tRCD is greater than tRCD(max), access time is tRCD + tCAC. 


tRAD(max) is specified as a reference point only. When tRAD is less than tRAD(max), 
access time is tRAC(max). When tRAD is greater than tRAD(max), access time is 
tRAD + tAA. 


Measured with a load equivalent to 50pF and 2 TTL. 


# ASMP -MSM514252 = 


TIMING DIAGRAM 
Read cycle 


RAS ne 


ROW COLUMN 
AD~AB “TD {anon Jor paonncss AMM , 


, iRcH 
UD poets.) SL; eevee oy 


i ay ae Midd 


DTS | | ‘OTH 


CoM ///, i I ae ddd 


eae (ecm) 
tra t 


Wwo/loo~ Vou— Y 
w3/l03 Vo. — OPEN VX VALID DATA- OUT 


tcuz_, 


Wns: \ndicate the don’t care condition 
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= ASMP -MSM514252 » 


Write cycle (Early Write) 


tk 
tra trp 


tar 
—- Vit— ; | 
t 
—_——>-|) 
— Vin-Y [a 
AE Ni Go ~<!RAD, aM se 


Ao~A yt m=O aa MM 


wana mm e- 


DYE yr ll WL 


WO/IO0~ Vin— 
W303 Vy, — OPEN 


Hija: Indicate the don't care condition 


*1) VOO-3="H": Non masked 
VOO0~-3="L" : Masked 
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= ASMP -MSM514252 = 


Write cycle (DT/OE Control Write) 


| == 
CAS a aad trap 


tuws | | tmwH = RWL 
twp 


wae vi YY * ZS VMCT@]@W0 


tot DTS 


vio ys YY ae MMA 


ts | | tM | ee 


wanes wD WY v0.0 o0-" KY 


V4: Indicate the don’t care condition 


*1) WO0-3="H": Non masked 
/O0-3="L” : Masked 


# ASMP -MSM514252 = 


Read Modify Write cycle 


trmw 


eee ee eee eee. See ae eR er 


t 
——- Vy~ — << —AR ly 
RAS 
tcrp D tcrp 
asi —p 
tag SOF” | 
Vii. os as i 
tp 


no~as yn — 7 ROW i 


A/a A an /// 
DT/OE - Uf Gyr 


te OOD ee On (ee /// 
: Indicate the don’t care condition 


*1) WO0-3="H": Non masked 
/O00-3="L" : Masked 
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@ ASMP -MSM514252 = 


Fast Page Read cycle 


tr pp 


Vin— tar 


RA 
: Vi — t 


tp tasu > 
ma t ae CPNy| 
CP 
TAS Vin Ti t ‘cas « tcas - - teas, i 
Vit <A | N V1 


tase 
RAE tasc tcaH tasc | Iteap 


Vi Me Yi ZE jeccivvton 


RSI trcr tr pf 8 


wn a kan ina mel [ZZ 


A0~A8 


sie vt * oe a ZZ 
ve “iptar aa ime 


iz: \ndicate the don’t care condition 
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= ASMP -MSM514252 = 


Fast Page Write cycle (Early Write) 


A 
iy i WH ‘ew 


see - “ams co YW ——_ 
Brae s 


tH oe toH 


—————  Vipv— SG 
WB/WE Vie = A * 
tots tort 


nad 
DT/OE 


tos ton tos tou 
<—_—_—>- 


w3nos Vea") oe, WR WA in YW. 
: Indicate the don't care condition 


*1)  WOO0-3="H": Non masked 
/00-3="L” : Masked 
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e ASMP -MSM514252 = 


Fast Page Read Modify Write cycle 


Y tr a 
RCD __, toa p ; RP 
Lt 


as NH r : Ai _ VW 
A0~A8 “A VOL Se MINEO LLL 


WB/WE 


DT/OE 


wo/ioo~ V/On — : 
w3/i03. VYO, = @ “1 


Yi, : \ndicate the don't care condition cH 
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= ASMP -MSM514252 a 


RAS Only Refresh 


Y, 


tasr 


so-ne \ Spy. WHT «._ 


1 YP JT[T@httejuteueuée@—* 


Wi. - \ndicate the don’t care condition 


CAS Before RAS Refresh 


W3/103 Vo. — 


= ASMP -MSM514252 = 


Hidden Refresh cycle 


en ea Ree ee eet (Sea AO Ce ee 
V tras > Bae See 1 ERO 
RAS, /n— 
Vi — : trp, Mg RP 
tcrp i OR apa SCRE 
i paid 
CAS vy WY 


tasc 
tcAH Hi 
tra 


AO~AB Vi sail gem (3a alana 


tr 


l/r \ | MC/C@/]CE2] 


e/a ///// Vdd 


wo/loo~ Vou — 
W3/l03 Vor — 


(| VALID DATA-OUT y 


V4: Indicate the don’t care condition 
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= ASMP -MSM514252 = 


Read Transfer cycle (cycle-1) 


When the previous transfer cycle is a read transfer 
The SE level is low 


tasH 


address BN won A Ll ll 
ie I 
ae // Ale Raeed§]| |] |W mMmMeMMettmmmMé 


t 
ss High-Z ators | 
(Output) toby 
t 


; | 


inuy GYWIIIXZZLLLIL 


trsp 2 toTH 


DI/OE Zp ‘ad —V tsp . 


$$ >- 
tscc 


tscp 


SC tcp \ 
> tsQu 
(ours LA sot KGAA Sout XX_Sut KIZJA_“Saut XJ 
tsca Previous 
SVO High-z Row New Row 


(Input) 


Yj: \ndicate the don't care condition 


= ASMP -MSM514252 = 


Read Transfer cycle (cycle-2) 


When the pre s transfer cycle is a write transfer or a pseudo write transfer 
The SE level i sie w 
tre 
tra 
RAS : tre 
trcp +t tcrp 
<x——__—ROD__ or 
a “eas 
A 
traH tas 


wane Yl oa LTE 


High-2/<—t278 | 


/O 
(Output) teep 


inpud eS eae 


SC 4 
S/O 


secs tstatatetstataratetetacetetetatetetatetotctatetetstets, Pp 
= > 
(Output) WD Sout p 
tsis 
Me - 
VALID *% 
{ ein DZ Lp 


(Input) 


ia, - \ndicate the don’t care condition 


B38): Indicate that the rising edge is 
prohibited — 


= ASMP -MSM514252 = 


Write Transfer cycle 


RAS 


Address 


WB/WE 


‘DT/OE 


sc 


SvO 
(Input) 


sv/O 
(Output) 


720 


reat =| EE 
Ux ‘a 


ai Slides 


tscc 


s 
seat tatatacetatatetetatatetoteteterertetate sete tetats: stecateten 
eet statatetetacatatetetetetetetototatetetotatatetetatetetetatatetetetete 
rose ee tetatetatetetatatatatetetetatetetetetetetetstetetstetatatetetgtets® 
eeteeeOrOeOeOeOeOeO 0100-0 10008.0.010101000000000. 0100010000010. 000 00, 
weseeeneereee meee mee meee x 
seieenneeeeeneeee eee eee ee 


Uae OM MM@Z@qJ_ 77) 


Vii: Indicate the don't care condition 


See : Indicate that the rising edge 
is prohibited 


a ASMP -MSM514252 a 


Pseudo Write Transfer cycle 


ge oe ca” WIE MC=CZ@ZM]@@@M 
i = 
ware 779) eee 
DIIOE — a 


ey Se 


SC 


Fe KKK KAR KKK KKK KIN KM KKK KKK HH IKK KKK KKH RHI t 
RRR RR KOO R KKK IK KKM KR IH I IK IR) 
ET RRND 
RNR NNR RK RAK KK KKK KK SOT 
SSO RRR KM NINH KR IMI A OKI) 
sabasaresesessseseceonocesseeseseseseseeseseseneseseseeaseeeeeemeneseeeeneseeeenemeeeees 


Via: Indicate the don't care condition 


Ree : Indicate that the rising edge is 
prohibited ce 


= ASMP -MSM514252 = 


Serial Read cycle 


tr, 
RAS 
tots 


 VCMMU“U“b’d 


tscp | scp , 


s | tsca 


| tsca tsca 


t 
: aa ae 
: [R= 
V 
EZ 
<> 


Wi: Indicate the don't care condition 


Serial Write cycle | 


: Indicate the don't care condition 
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= ASMP -MSM514252 = 


PIN DESCRIPTION 


RAS (Row Address Strobe-input, active low) 

Depending on the states of CAS and DT/OE, RAS will clock an internal row address (when CAS 
before RAS mode) or external row address into the row decoder. RAS also selects the write-per 
bit and the data transfer mode. 


‘CAS (Column Address Strobe-input, active low) 

In the data transfer cycle, CAS will clock an external column address into the column decoder. 
The selected column address becomes the SAM start address. CAS is also used as a clock which 
controls RAM port output impedance. 

CAS will clock external column address into the column address decoder. 


WB/WE (Write Enable-input, active low) 

WB/WE is sampled when RAS falls and decoded in conjunction with DT/OE and CAS according to 
the Truth Table. When the WB/WE level is low at the RAS falling edge, the write-per-bit or 
write transfer cycle is selected. And when WB/WE level is high at the RAS falling edge, a 4-bit 
write to the RAM port or a read transfer cycle is selected. That is, if write-per-bit cycle is not 
selected then WB/WE functions as a normal write enable. 


‘DI/OE (Data Transfer/Output Enable-input, active low) 

The state of DT/OE is sampled along with WB/WE and CAS when RAS falls. The functions 
performed are shown in the Truth Table. When the DT/OE level at the RAS falling edge is low, 
the data transfer cycle is selected. And when DT/OE level is high, the read/write cycle is selected. 
During random access reads, DT/OE functions as the output enable pin. 


A0-A8 (Address inputs, active high) 

The MSM514252 employs an address-multiplexed-method which inputs the row addresses and 
the column addresses separately in order to select one word from the 256k words memory cells 
by using 9 address input pins. In the fast page mode, when the RAS level is low, column address 
specified by CAS enable 512 X 4 bits fast column access at a specified row address. In the data 
transfer cycle, the selected address input is also combined with the serial start address. 


l00-I03 (random access data Input and Output-bidirectional, three state) 

If the WB/WE level is low at the RAS falling edge then high level on 100-103 enables data to be 
written to the enabled locations ; write-per-bit cycle. 100-103 also serve as the data I/O pins for 
the random access port. 


SC (Serial Control-input, active high) 

Each SC rising edge starts the serial access. In the serial read cycle, the rising edge clocks four | 
bits data from the serial data register to the output pins if DT/OE is active. In the serial write 
cycle, the rising edge clocks four bits data from serial data input pins to the serial data register. 

If the DT/OE level is high, the SC signal is ignored. 


SE (Serial Enable-input, active low) 

SE enables serial input/output. When the SE level is high at the RAS falling edge, the cycle is 
pseudo-write data transfer cycle. When the SE level is low at the RAS falling edge, the cycle is 
write data transfer cycle. 


S100-SIO3 (Serial access data Input and Output-bidirectional, three state) 
Serial data appears if SE is active, otherwise they are high impedance. 
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FUNCTION 
RAM Port Operation 


The row address is specified by the RAS clock. The MSM514252 has a fast page mode capability 
so that when the CAS clock is activated, column data can be read/written continually. 


The MSM514252 read/write cycle is set up by maintaining the DT/OE level high, while the RAS 
clock is falling. Data is read out when the DT/OE level is low and is written when the WB/WE 
level is low. | 


In the fast page mode cycle, when the RAS level is low, the column data in one specified row can 
be read/write continually according to the column address specified by CAS. 


When the WB/WE clock falls before the CAS falling edge, it becomes an early write cycle. When 
the WE clock falls after the CAS falling edge, it becomes a late write cycle. 


In the random write cycle, the write-per-bit function is available. 


SAM Port Operation 


The data transfer cycle is set up when the DT/OE level is low at the RAS falling edge. A read data 
transfer cycle is performed when WB/WE is high. A write data transfer cycle is performed when 
WB/WE is low. 


In the data transfer cycle, the row/column addresses are specified by the RAS/CAS clocks, then 
the row address selects one row of RAM memory array and the column address selects the serial 
access start address. 


ein the cycle which begins when the DT/OE level is high at the RAS falling edge, RAM and SAM 
are accessed independently. At the time, if the DT/OE level is low, the data transfer between 
RAM and SAM occurs. 

In one data transfer cycle, 512 X 4 bits data are transferred between the serial data register and 
any rows in the RAM array. 


e The data transfer direction is selected by the WB/WE level at the RAS falling edge. 
From RAM to SAM (Read Data Transfer) :  WB/WE ="H" 
From SAM to RAM (Write Date Transfer) :  WB/WE="L" 


e Transfer cycle decides the following serial access cycles. 


Read data transfer -----— Serial read cycle 
Write data transfer -~----— Serial write cycle 
(Pseudo write data transfer -----— > Serial write cycle) 


e No data transfer occurs from serial data register to RAM array when the SE level is high at the 
RAS falling edge in the write data transfer cycle. The data transfer is referred to as a pseudo 
write data transfer. 


e During a read data transfer, a high speed data transfer execution is started at the DT/OE rising 
edge. 
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REFRESH OPERATION 


Three operation methods for refreshing the MSM514252 dynamic RAM cells are available to 
users. The refresh operations on all 512 row addresses are required in every 8 ms. 


RAS Only Refresh 

RAS only refresh is similar to a read cycle using any row address, except that CAS is high 
throughout the cycle and no column address is required. All the column data in the designated 
row address are refreshed simultaneously. 


e CAS Before RAS Refresh 

CAS before RAS refresh uses an internal 9 bits refresh counters as the row address specifying the 
row to be refreshed. One CAS before RAS cycle increments an internal refresh counter one 
address. The refresh counter will be incremented each subsequent CAS before RAS cycle. 


e Hidden Refresh 

Hidden refresh is similar to CAS before RAS refresh, except that the CAS level and the DT/OE. 
level remain low. The data which was read in the previous cycle is held throughout the refresh 
period. 


DATA TRANSFER OPERATION 


e Read Data Transfer 


Depending on the states of the DT/OE and WB/WE level at the RAS falling edge, (see the Truth 
Table) the Read Data Transfer Cycle is selected. The column data of one row designated by the 
row address are transferred to the serial shift data register. 


At the same time, the decoded column address is set to the secondary serial register or serial 
address selector, which determines the serial read start address. This function is referred to as 
the pointer control. After the data transfer, every SC rising edge enables a serial data output 
and the serial address selector moves into the next bit. 


As the serial address selector is cyclical in nature, the same data from the start address is output 
again when the SC clock is input more than 513 times. 


SE controls the serial output buffers. When the SE level is low, the serial register data are 
output. When the SE level is high, the SIO0-SIO3 are at high impedance. The serial address 
selector has no relation with the SE level and shifts one bit at every SC rising edge. 


Serial read data transfer can be done when SAM is in operation. That is the data from different 
rows can be continuously output. This operation is referred to as the Real Time Data Transfer. 


e Write Data Transfer 


Depending on the states of the DT/OE, WB/WE and SE level at the RAS falling edge, (see the 
Truth Table) the Write Data Transfer Cycle is selected. The data on the serial data registers are 
transferred to the one row of RAM array which is designated by the row address. 


At the same time, the decoded column address is set to the secondary serial register or serial 
address selector, which determines the serial write start address. After the data transfer, every 
SC rising edge enables a serial data input and the serial address selector moves into the next bit. 
The data input to the $100-S!1O3 pins are written into the serial data register of SAM. 
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SE controls the serial input buffers. When the SE level is low, the input data are written into 
SAM. The serial address selector is not related to the SE level and shifts one bit at every SC rising 
edge. So when the SE level is high, the SC clock only shifts the serial address selector without 
writing the data in SAM. 


e Pseudo Write Transfer 


Depending on the states of the DT/OE, WB/WE and SE level at the RAS falling edge, (see the 
Truth Table) the Pseudo Write Data Transfer Cycle is selected. The operation is the same as the 
write data transfer operation except for the fact that the data on the serial data register are not 
transferred to the RAM array. The row address which is input is ignored. 


When the mode changes from serial read to serial write, a pseudo write transfer is used so that 
the one row data of RAM designated by the row address are not destroyed and are also used to 
change the mode of the serial port. 


The difference between the read transfer and the write/pseudo-write transfer is that the write 
transfer and pseudo transfer cannot be done while SAM is operating. 


POWER ON 


An initial pause of 500 psec is required after power-up followed by any 8 RAS or RAS/CAS cycles 
before proper operation is achieved. Note that RAS may be cycled during the initial pause. And 
RAS or RAS/CAS cycles are required after prolonged periods (greater than 8msec) of RAS 
inactivity before proper device operation is achieved. 


After the above operation, prior to the SAM operation, the serial access mode must be selected 
by performing a data transfer cycle. 


TRUTH TABLE (Mode Selection) 


Input pin state at RAS falling SAM 
| a ee RAM 
Pe Pe wre 
ce 7 


L Pseudo Write Transfer Ld Input Mode 
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OKI semiconductor 
MSM51C262 


Page Mode 


DESCRIPTION 


The OKI MSM51C262 is a high speed 65,536x4 bit multiport CMOS dynamic memory. 
The two ports, random access and serial access, are configured to offer optimum flexibility in 
graphics and other systems that require an interface between a processor and a high speed 
serial data channel such as a CRT or graphics display device. 


The organization of the random access port of the MSM51C262 is exactly like, a 64K x4 
CMOS DRAM. Additional functions such as transfer between RAM and SAM utilize otherwise 
unused states of the CAS, DT/OE, WB/WE and SE signals sampled at the falling edge of RAS at 
the beginning of a cycle. 


The Serial Access Memory (SAM) is organized as 256 x 4 bits that can be read or written at 
high speed. The contents of the SAM can be loaded into RAM, and the contents of a selected 
RAM row (256x4) can be loaded into SAM. Except when transferring data between one 
another, the SAM and RAM operate in an asynchronous manner. The transfer from RAM to 
SAM or SAM to RAM also refreshes the transferred row in the RAM. 


In a RAM to SAM load cycle, 8 bits are needed to specify which of the 256 rows is to be 
transferred. The state of the address lines at the falling edge of CAS is used to specify the 
starting point in the SAM where data is to be written or read. The static mechanization of the 
SAM (allowed by CMOS) does not require refreshing. The first access to SAM, either read or 
write, will be to the location specified at CAS time in the previous cycle, and subsequent 
accesses will continue in an increasing address direction, module 256. 


The MSM51C262 is processed utilizing OKI’s CMOS silicon gate process technology. 
This advanced CMOS processing allows memory devices to be fabricated with lower operating 
current and higher performance than comparable NMOS designs. All I/O signals are TTL 
compatible. Input and I/O capacitances are significantly lowered to enhance system 
performance. 


High Performance Low Power 64K x 4 Multi-port Memory with Fast 
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FEATURES 


m Low power dissipation for MSM51C262-12 


@ RAM Port operating alone -50mA 
@ SAM Port operating alone -35mA 
@ RAM/SAM operating 5 together -85mA 


m Low CMOS standby current -6mA 

m Fast Page Mode access, RAS-only refresh, and CAS-before-RAS Refresh capability 

m Bi-directional data transfer between RAM and SAM with real-time operation. 

m Bit-masked Write function on RAM port for additional flexibility. 

m 256 Refresh cycle/4 ms. 

m Standard package is 24 pin 400 mil Plastic ZIP. 

High performance MSM51C262 | -80 | 10 ~12 

Max. RAS Access Time (trac) 120 ns 
Max. Column Address Time (tcaa) 55.ns 
Min. Fast Column Mode Cycle Time (tpc) 70 ns 
Min. Read/Write Cycle Time (trc) 205 ns 
Min. Serial Port Cycle Time (tscc) 40 ns 
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24 LEAD PLASTIC ZIP PIN CONFIGURATION 


Top View 


BLOCK DIAGRAM 


COLUMN 
DECODER 


COLUMN VO 
PRE- if 


DECODER 1024 COLUMNS 
(256 x 4) 


ARRAY 


256 x4 
DATA REGISTER 
AODRESS ——— SERIAL DATA 
POINTER SELECTOR 
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V/O 
BUFFER 


CONTROL 
TIMING 


SERIAL 1/0 
BUFFER 
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Absolute Maximum Ratings* 


Rating Value Unit 
Ambient Temperature Under Bias 0 to 70 °C 
Storage Temperature (plastic) -55to +125 °C 
Voltage on any Pin Except Vcc Relative to Vss5 -1.0to +7.0 V 
| Voltage on Vcc Relative to Vss5 ~1.0to +7.0 V 


Data Output Current 


el 
3 
> 


—» 
ole 


Power Dissipation W 
*Note: Operation at or above Absolute Maximum Ratings can sdyarsely affect device 
reliability. 
AC Test Conditions 

Conditions Unit 
Input Rise Levels V 
Input Rise and Fall Times ns 
Input Timing Reference Levels V 
Output Timing Reference Levels V 
Output Load (RAM Port) pF 
Output Load (SAM Port) pF 


CAPACITANCE* 
Ta = 25°C, Vcc =5 V 410%, Veg = 0V 


Address Input Capacitance 


I/O Capacitance 


* Note: Capacitance issampled and not 100% tested. 


Typ. Max. 
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DC Characteristics (1) 
(Ta = 0°C to 70°C, Vec = 5 V + 10%, Vs5 = 0 V, unless otherwise specified.) 


Symbol 


lect 


lec2 


lec3 


leca 


lees 


lece 


lecz 


lece 


lecg 


leci0 


Parameter 


Input Leakage Current, 
(any input pin) 


Output Leakage Current, 


(for Hige-Z State) 


Vcc Supply Current 


Vcc Supply Current, 
TTL Stanbdy 


Vcc Supply Current, 
RAS-Only Refresh 


Vcc Supply Current, 
Page Mode Operation 


Vcc Supply Current, 
CAS-before-RAS 
Refresh 


Vcc Supply Current, 
RAM/SAMTransfer 
Mode 


Vcc Supply Current, 
Both Ports Active 


Vcc Supply Current, 
SAM Only Operation 


Vcc Supply Current, 
RAS-Only Refresh and 
SAM Active 


Vcc Supply Current, 
Page Mode Operation 
and SAM Active 
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Test Conditions Notes 


Ve5<Vin<Vec 


vss VOUT SVCG: 
RAS, CAS and SE at Vj, 


RAS/CAS Cycling, SAM port 
TTL Standby 233 
tre (min.), sc = Vit 


RAM/SAM ports TTL Standby 
RAS, CAS at Viy VO > Vs5 
SC = Vit 


RAS Cycling, CAS at Vin 
SAM port TTL Standby 2,3 
trc (min.), sc = Vit 


RAS = Vite CAS Cycling 
SAM port TTL Standby 2.2 
tec (min.), SC = Vit 


RAS/CAS Cycling, 
SAM port TTL Standby 273 
tre (min.), SC = Vit 


RAS/CAS Cycling, SAM port 
TTL Standby 2;3 


RAS/CAS Cycling, SAM port 
Active 2,3 
trc (min.), tscc (min.) 


RASI/CAS at Vi, 1/0 > Vg 
SAM port Active 2 
tscc (min.) 


RAS Cycling, CAS at Vinv 
SAM port Active 243 
tre (min.), tscc (min.) 


RAS = View CAS Cycling 
SAM port Active 2,3 
tec (min.), tscec (min.) 
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DC Characteristics (Cont'd) 


Symbol Parameter Test Conditions Notes 


= 
=| 
© 
= 
= 
fi 
@ 
as 


cere 
NO 
fon) 


RAS/CAS Cycling, 
SAM port Active 2,3 
trc (min.), tscc (min.) 


Vcc Supply Current, 


CAS-before-RAS 


Refresh and SAM Active 
| 80 


—_ 
oO 
on) 


lcci 


RAS/CAS Cycling, 
SAM port Active Z2 
tec (min.), tscc (min.) 


Vcc Supply Current, 
RAM/SAM Transfer 
Mode and SAM Active 


leci2 


RAS, CAS, SE, WB/WE, 
DT/OE>Vcc -0.5V 
SC<0.6V 


Pte 


Vcc Supply Current, 
Both Ports CMOS 
Standby 


Vit Input Low Voltage 


Input High Voltage 


Vai Output Low Voltage 
Visa Output High Voltage 


< —_— fj— 
a oO |N | o@ 
- oO (one Ba v1 


N N I 
b — 


No 
ca) 
> 
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AC Characteristics (4, 5, 6) 
Read, Write, Read-Modify-Write and Refresh Cycles 
(Ta = O°C to 70°C, Vec = 5 Vt 10%, Vs5 = 0 V, unless otherwise specified.) 


™ 


Transition Time (Rise and Fall) 
Refresh Interval (256 Cycles) L 
Read or Write Cycle Time 


Notes 


. ! 
— 
ro) 

1 
—_ 
RO 
Cc 
5 
as 


r<Y) 
N 
_— 
Oo 
con) 
WwW 
~ 
A 
— 
No 
© 
Ww 
™S 
A 
a | 
Ww 


2 tras AS Pulse Width | go | 37 
[ee [ranacer ec ee 
[ec [ et ome eo 


[ius | Brewed 
ee ee 
ee ee mre 
[ew | BataTnaomgerae | wf | wf | of fw 
2 
eg Se 


Cine a ae 
trsH RAS Hold Time zs 


tons DTH High Setup Time 


toHH DT High Hold Time F 20] | 
Column Address Hold Time from RAS } cof | 


op) 
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AC Characteristics (Cont'd) 
Read Cycle 


# 
16 
17 
18 
19 
20 


21 


22 


No NO 
& Ww 


NO 
ut 
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Symbol 


trac 
tcac 
tcaa 
tres 


taRH 
tec 
toac 


tuz 
ci 
tou 


Access Time 


Column Address Access Time 
Read Command Setup Time 


RAS 


Access Time 


Read Command Hold Time 


RAS-Referenced 


Read Command Hold Time 
CAS-Referenced 


Min. 


NO Ro NO 
fan) oO wn 


~ 10 


-—12 
Unit | Notes 
Max. | Min. Min. | Max. 
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AC Characteristics (Cont'd) 
Write Cycle 


# | Symbol Parameter Unit | Notes 
p Min. | Max. | Min. Min. | Max. 


| wconmimare | ae) 
ox | econ cietine | ae | 
 [tecnmnaronwan || 
ae 
wer | wn conmmancnton [| 
fowonsewine |e 
[tL ommnaeroe || 
2 ee 
= 
- 
= 
ial 


pa 
=) 


NO 
™N 
3 


RO NO 
Oo foe) 
=] 


tee) 
com) 


31 


=) 


> 


| rennesieriee 


Ww 
p=) 


Ww 
uv 
nm 


w “ 7.) ve) “ “ w “ wn 
—_ 
> 


W 
fon) 


Lee) 
N 


Read-Modify-Write Cycle 


Symbol Parameter Unit 
Fin. | Max Min. | Max. | Min. | Max. 

tawc Read-Modify-Write Cycle Time 205 a4 245 — 285 P| ons | 

ton [ mowcrentasrnewan | vo| ove] vo] oe] oo] oe] m 

tcraw RMW Cycle CAS Pulse Width ae 00] 115 S| ons | 

no | WE sn Poff as] [vel | 

2 


170 200 


ive) 
[eal 


tcwo CAS to WE Delay 
tawo Column Address to WE Delay = | 95) 


toep 


735 


= ASMP -MSM51C262 = 


AC Characteristics (Cont'd) 
Fast Page Mode Operation 


Parameter 


tec Page Mode Cycle Time 
cP 


t 


CAS Precharge Time 
Access Time from Column Precharge 


CAS-before-RAS Refresh Cycle 


Parameter 
Min. | Max. Max. | Min. 


CAS-before-RAS Refresh Setup Time 


CAS-before-RAS Refresh Hold Time 
RAS Precharge to CAS Active Time 
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AC Characteristics (Cont'd) 
Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 


# 


53 
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Symbol Parameter Unit 
Min. | Max. in. | Max. | Min. tax. | 


7 re 
: ees 
[ios tontconnmatitvowtne [af [| | mo] | 
Fen | rantconnanctvaerae | mo | =| | af | o 
[ins [wrairconmniioarne [| of | «| | »[ [= 
Fon scvanrmestetan [wf | | | wf | 
Tis | ionnmencdTeanoonrmne | [ef | of [afm 
Con [Beemer | af | al | | fw 
Cw | Bretetrmawerme | af | |_| |_| 
Ti | einwivtonnsaproe [wf |») | wf | 
Tom | sewrvsrnrcnrne | of [=| [=f [~ 
Tim seawriomnieswnrme | of | of | | | w_ 
Tim seawrivonnsenasrne | of [=| | af | w 
Tw [curative Pf | of | «ffm 


ke = = 

Oo oO oO 
=> Ro NO 
wn (an) ui 


= ASMP -MSM51C262 = 


Notes 


737 


= ASMP -MSM51C262 = 


AC Characteristics (Cont'd) 
Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 


m 


Pseudo Transfer Command (SE) t 
“RAS Setup Time 


tey Pseudo Transfer Command (SE) to 
RAS Hold Time 


Notes: 
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All voltages are referenced to Vss. An initial pause of 200 ps is required after power up 
followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RAS clock e.g. RAS-only refresh). Eight initialization cycles are required 
after extended periods of bias without clocks (greater than 4 ms). 


Icc is dependent on output loading when the device output is enabled. Icc (max.) is 
measured with all outputs open. 


Icc is dependent on the number of address transitions while CAS is at Viy. Specified Icc 
(max.) is measured with a maximum of two transitions per address input per random 
cycle and one transition per address cycle in Fast Page Mode. 


All voltages are referenced to Vss. Viy (min.) and Vi, (max.) are the reference levels for 
measuring input signal timing. Transition times are measured between Vjy (min.) 
and Vit (max.). 


An initial pause of 200 ys and 8 RAS-containing cycles are required when exiting an 
extended period of bias without clocks or upon Power Up. An extended period of time 
without clocks is defined as one that exceeds the specified Refresh Interval. 


AC characteristics assume tr=5 ns. All AC measurements are made with a load 
equivalent to two TTL inputs and either 50 or 100 pF in parallel. Vy, (min.) > Vss and Viy 
(max.) < Voc. 


trcp (max.) is for reference only. trcp (Min.) = tray (Min.) + 2ty + tasc (min.). 


Assumes that tacp < trcp (max.). If trcp > trcp (max.), trac will increase by the amount 
that trcp exceeds trcp (max.). 


Measured with a load equivalent to 2 TTL loads and 100 pF in parallel. 


Assumes trcp > trcp (max.). 


12. 
13. 


15. 
16. 
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If tasc < (tcaa (Max.) - tcac (Max.) — tr), access time is defined by tca,a rather than tcac. 
Either tracy Or tary must be satisfied. 


An output disable time defines the time when the output reaches the open-circuit 
condition and is not referenced to output voltage levels. 


twcs, tawp and tcwp are specified for reference only. If twcs > twcs (min.), the cycle is a 
CAS-controlled write cycle (Early Write), and the DQ pins will be at High-Z during the 
entire cycle. If tewp > tcwp (min.), and tawp > trwp (min.), the cycle is a Read-Modify- 
Write cycle, and the DQ pins will reflect the data read from the addressed location. 
If any of the above conditions is not satisfied, the condition of the Data Out pins will be 
indeterminate. 


Access time is determined by the longest of tcaa, tcac and tcap. 


Measured with a load equivalent to 2 TTL loads and 50 pF in parallel. 
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TIMING CHART 
Read Cycle 


() ROW ADDRESS }) 


W/O 


(OUTPUTS) DATA VALID 


DTI/OE 


Notes: 
a,b: Vin (min.) and Vi, (max.) are reference levels for measuring timing of input signals. 
c,d: Voy (min.) and Vo, (max.) are reference levels for measuring timing of Dour. 
e: tiz is referenced to the lesser of CAS, and OE low transition. 
tyz and toy are referenced to one earlier of CAS or OE high transition. 


Henson ‘ measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin 
equivalent). 


Either tracy OF trary Must be specified. 


ROW ADDRESS ADDRESS 


W/IO 
(INPUTS) 


W/O 
(OUTPUTS) 
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WI/lO 
(INPUTS) 


WIO 
(OUTPUTS) 


— 


DT/OE 


W/lO0 
(INPUTS) 


W/lO 
(OUTPUTS) 


toHH 


toac—» 


( 


DATA 
VALID 


y 
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Waveforms of Fast Page Read Cycle 


COLUMN COLUMN 
ADDRESS . ADDRESS 


Wi/lO 
(OUTPUTS) 


COLUMN % COLUMN 
ADDRESS y > ADDRESS 


Wi/lO 
(INPUTS) 


Wi/IO 
(OUTPUTS) 
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RAS-Only Refresh Cycle 


Wi/lO 
(OUTPUTS) 


Hidden Refresh Cycle 


<= READ CYCLE. Se Se HIDDEN REFRESH CYCLE: 


{ ROW 
ADDRESS 


W/IO 
(OUTPUTS) 
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AS before RAS Refresh Cycle 


Wi/lO Vin 
(INPUTS) y, — 


Ao~Ayz = Don’t care 
‘DT/OE = Don't care 
WB/WE = Don't care 


Read Transfer Cycle (RAM — SAM) Serial Read Setup* 


COLUMN 
ADDRESS 


1/0 


Wi/lO 
(OUTPUTS) 


SE 


SIO 
(OUTPUTS) 


SIO 
(INPUTS) 


Note: *In the case that the previous transfer is write transfer. 
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Read Transfer Cycle (RAM — SAM) 


~<— tasr 


COLUMN 
ADDRESS | ROW ADDRESS 


T/O 


Wi/1O Voy 
(OUTPUTS) yo, 


SE 


(OUTPUTS) Wer DATA VALID* DATA VALID* 


NEW ROW DATA 


*Note: IfSEis “H” level the serial input data are not written into the data register, but the serial data selector continues to function. 
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Write Transfer Cycle (SAM — RAM) 


~<— taser 


ROW ADDRESS 


1/0 


Wi/N1O Vox — 
(OUTPUTS) Vo. — 


os OO 
0300001050455. 0 40 
ra arsrarraras 


«— tspq ——>| | <——_—_—_——  tscc —__————> 


*Note: IfSEis “H” level the serial input data are not written into the data register, but the serial data selector continues to function. 
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COLUMN ‘ 
ADDRESS ROW ADDRESS 


DT/O 


Wi/lO 
(OUTPUTS) 


SE 


SiO 
(INPUTS) 


slO 


(INPUTS) DATA VALID* 


* Note: IfSEis “H” level the serial input data are not written into the data register, but the serial data selector is worked. 
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Serial Write Cycle 


SI0i 
(INPUTS) 


Serial Read Cycle 


sce ice 


tse bate ose 
tser 


S101 Vin — 


q OUTPUT q OUTPUT 
DATA DATA 


> 
tsca 
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Bit Masked Write 


NON MASK 
*2 | 


1 
’ 
i} 


NON MASK 


+2 | 
i) 


t 

SET MASK BIT ; BIT MASKED WRITE 
1 
i) 


: 

' 

' 

\ 

{ 

' 

' 

' 

' 

\ 

1 

' 

' 1 
' ' 
*? \ ' 
1 ' 
' ' 
' t 
\ 

' 

! 

' 

‘ 

! 

’ 

’ 

’ 

' 

‘ 


*1 If WB/WE = “H" all 4 bits of data are written into RAM 


*2 Wo~3/lOg~3 = “H” Non masked 
Wo~3/lOg~3 = “L” Masked 
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Serial Output Mode 


| | | 
RAM —>SAM TRANSFER & START 1 Rant gen ON THe FLY | WRITE CYCLE READ CYCLE 
sy) 


DATA OUT t_» NEW DATA OUT 
FROM COLUMN “A” FROM COLUMN "B” 


*3 IfSE goes “H” level SIOi enters the high impedance state, but the serial data selector continues to function. 
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Serial Input Mode 


| | 
SAM-SAM AT START PSEUDO WRITE SAM-RAM (ROW R4) 


’ 
’ 
SAM TO RAM TRANSFER 


DATA OUT y DATAIN FROM TO ROW R4 
FROM COLUMN “A” COLUMN “C" 


DATA IN FROM COLUMN “D“ 


*4 If SE goes “H” level SIOi input data is ignored, but the serial data selector continues to function. 
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FUNCTIONAL DESCRIPTION 


RAM Operation 


The MSM51C262 is a CMOS dynamic memory with 2 ports. One port, the RAM port, 
operates in the same way as the 64K x 4 DRAM. The other port, the Serial Access Port (SAM), 
allows data to be either read from or written to the memory at very high data rates. 


The MSM51C262 reads and writes data via the RAM port by multiplexing a 16 bit address 
into an 8 bit row and an 8 bit column address. The Row Address Strobe (RAS) latches the row 
address on chip. The column address, however, flows through the internal column address 
buffer and is latched by the Column Address Strobe (CAS) signal. Because column access time 
becomes primarily dependent upon a valid column address rather than the falling edge of CAS, 
signal timing restrictions on CAS can be greatly loosened with no effect on access time. 


Memory Cycle 


A memory cycle is initiated by the falling edge of RAS. A memory cycle may not be ended or 
aborted prior to fulfilling the tras (min.) timing specification once it has been started. 
This precaution is necessary for proper device operation and integrity. A new memory cycle 
may not be started until the minimum precharge time trp/tcp has been satisfied. 


Read Cycle 


A read cycle is a memory cycle in which data are retrieved from the memory array and 
presented on the Wi/IOi pins. Read cycles can take the form of single operations to a specific 
row and column address or page mode accesses to any of 256 column addresses within a single 
row. 


Write Cycle 


A write cycle is a memory cycle in which data supplied externally to Wi/IOi are written into 
the location in memory specified by the address. Using the masked write function, any 
combination of Wi/IOi lines may be written and the remainder ignored. Write cycles can take 
the form of single operations to a specific row and column address or page mode accesses to 
any of 256 column addresses within a single row. 


Refresh Cycle 


To retain the data in a MSM51C262 DRAM a refresh operation activating each of the 256 
row addresses must be performed at least once every 4 ms. Any operation such as read, write, 
RMW, RAS only cycle, CAS before RAS refresh cycle or transfer cycle refreshes the addressed 
row. 
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Fast Page Mode Operation 


Fast Page Mode permits an 256 columns of 4 bits within a selected row of the MSM51C262 
to be randomly accessed at a high data rate. After a normal cycle initiation, maintaining RAS 
low while performing successive CAS cycles retains the row address internally and eliminates 
the need to resupply it. The column buffer acts as a transparent latch data while CAS is high 
and, when CAS goes low, holds the addresses applied. Because of the transparent latches, the 
column address “flows through” and the read access begins upon stable addresses rather that 
the falling. CAS edge. This eliminates tasc and ty from the critical timing path and helps to 
speed up access while making operation simpler. 


During a Fast Page Mode operation, read, write, read-modify-write, or read write-read 
cycles are possible to random addresses within a selected row. Multiple operations to the same 
address are permitted as well as more than 256 accesses to any combination of addresses within 
the selected row. The only limiting factor to the number of such Page Mode accesses is 
consideration of refresh timing. Following the entry cycle into Page Mode, access time is tcaa 
or tcap-dependent. If the column address is valid before or coincident with the rising edge of 
CAS, then tcap is the access controlling parameter. If the column address is valid after the rising 
_ edge of CAS, access time is determined by tcan. In both cases, the falling edge of CAS latches 
the address and enables the output buffers. 


With Fast Page Mode, very high sustained data rates can be achieved. The following 
equation can be used to calculate the data rate possible: 


256 


Data Rate = ———————_- 
ee trc + 255tpc 
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Mode Selection 


AControl Signals Po Ay 


(Sampled at the falling edge of RAS) 


RAM Operation to be 
Performed 


SAM Mode to be 


Sample Time 
Entered 


DT/OE WIlOy~3 | RAS “CAS 
Read Row | Column Add. 


r3) 
oe) 


Bit Masked Write Row | Column Add. 

H Column Add. 
RAM -> SAM Transfer 
SAM — RAM Transfer 
Pseudo Transfer 


CAS-before-RAS or Mode not affected L x 4 X Xx 
Hidden Refresh 


X = Don't care 


- 
Pe 
a 
* 
PS) 
oO 


SAM Start* * 


» 
2 
fe) 
2 


SAM Start** 


SAM Start** 


a 
oe 
. 
[ele 

Fs = 


X 


* The state of the W/IO lines is sampled at the falling edge of RAS to set the Write Bit Mask 
Register. If W/IO is high at the falling edge of RAS, no masking action is taken and the 
corresponding data bit will be subject to change by a write operation. If W/IO is low at the 
falling edge of RAS, the corresponding bit is masked and will not be altered by a write 
operation. 


The 8 address signals, Ag to A7, are used to select the RAM row address that will be affected 
by a transfer to or from the SAM and the starting address for a SAM read or write 
operation. The falling edge of RAS strobes the row address, and the falling edge of CAS 
strobes the SAM starting address. 
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COMBINED RAM-SAM OPERATION 


Transfer 


The transfer operation of the MSM51C262 allows a row (256 bits) of data to be transferred 
between RAM and SAM in either direction. The signals and states that control the transfer 
operation are specified in the Mode Selection Table. 


To start a serial write operation, it is necessary to cause the SIOg to $103 pins of the SAM, 
port to be ina high-Z state. The pseudo write transfer cycle accomplishes this purpose and must 
be performed any time the SAM mode is to be changed from read to write. No data transfer 
takes place, but addresses are set up as in any other transfer cycle. A read transfer cycle 
(RAM to SAM) changes the mode from write to read. 


SAM OPERATION 


General 


The Serial Access Memory (SAM) of the MSM51C262 is organized as 256 words x 4 bits per 
word. It is possible to load the SAM from two sources: the RAM and the external serial I/O 
lines, SIOi. SAM has two operational modes, read and write (viewed externally). Mode changes 
were described in the previous section. 


When the SAM is in the read mode, data are first transferred from the RAM to SAM and 
then can be accessed serially via the SIOi lines beginning with any SAM address. The progres- 
sion of data output is from lower to higher numbered bits and addresses are module 256. 


When the SAM is in the write mode, data are captured into the SAM using the SIOi lines and 
can be written into a selected row in the RAM by a write transfer operation. 


Read/Write 


The SC pin is used as a ‘shift clock’ for the SAM port. Serial access is triggered by the rising 
edge of SC. When the SAM is in the write mode, the rising edge of SC causes data to be strobed 
into the selected cell of the SAM. In the read cycle, output data become valid after tsca from 
the rising edge of SC and remain valid until the next cycle. The SAM address is automatically 
incremented by SC. 


The SE pin is used as an output/input enable pin for the SAM. It does not, however, gate 
the SC signal and the SAM address counter for read or write operations will continue to 
increment regardless of the state of SE. 
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Real-time Read Transfer 


The MSM51C262 offers real-time read transfer between RAM and SAM. By using this 
feature, a continuous data stream can be generated even if the row address must be changed. 
No loss of timing is caused by this transfer. The data transfer from the RAM to SAM is triggered 
by the rising edge of DT/OE after the RAS/CAS cycle has set up the data to be transferred and 
the start address. New row data is available for SAM output after DT/OE returns to a high state 
in compliance with specification parameters tspp and tspy. SC should be applied continuously 
and DT/OE timed from SC to achieve non-stop transfer. 


Write Transfer 


When the SAM has been placed into a write mode, and the required data have been 
captured via SIOi, the write transfer operation will cause the content of the SAM to be written 
into the selected RAM row. After the write transfer cycle has been completed, more data can 
be written to the SAM via SIOi. 


Power On 


After application of the Vcc supply, an initial pause of 200 ps is required followed by a 
minimum of 8 initialization cycles (any combination of cycles containing a RAS clock). Eight 
initialization cycles are required after extended periods of bias without clocks. An extended 
period of time without clocks is defined as one that exceeds the specified refresh interval. 
During Power On, the Vcc current requirement of the MSM51C262 is dependent on the input 
levels of RAS and CAS. If RAS is Low during Power On, the device will go into an active cycle, 
and Icc will exhibit current transients. It is recommended that RAS and CAS track with Vcc or be 
held at a valid Viy during Power On to avoid current surges. 
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OKI semiconductor 
MSM514201 


1,048,576-WORD x 1-BIT SERIAL REGISTER 


GENERAL DESCRIPTION 


MSM514201 is a serial register in 1,048,576 words x 1 bit configuration featuring medium speed 
operation with low power consumption. 

MSM514201 has a built-in internal address generator circuit allowing continuous serial read/write 
operation by single external clock input. The internal address is automatically incremented or 
decremented by one by read/write operation. Address increment or decrement can be selected by 


external input. 

Address designation in units of 1024 words in the direction of words is possible by an external 
serial address input. 

A refresh timer and refresh counter are built in to eliminate the need of the external refresh circuit 
and to realize low power ocnsumption. 

The standard 300 mil 18-pin plastic LCC is used as the package and the operating temperature 
range is between 0°C and 70°C. 

MSM514201 is best suitable for holding large capacity data with battery backup. As solid state 
recording and playback system can easily be realized by combination with OK!'s voice synthesizer 
LSI, MSM6388. 


FEATURES 

@ Configuration 1,048,576 x 1 bit 

@ Serial access operation Serial access time 3.0 ps 
Serial read/write cycletime 4.0 ps 

@ Low current consumption 100 pA max. (for data holding, Vcc = 4.0V) 

@ Wide operating supply voltage range : Single 3.5 to 5.5V 

@ Package 18-pin PLCC 

@ Refresh operation Self-refresh (refresh-free) 

@ Process : 1.2 pm standard N well CMOS process 


PIN ASSIGNMENT (Top View) 


Data input 

Write enable 

Test input 

Chip select 

No connection 

Serial address data 
Serial address strobe 
Transfer address strobe 
Power supply (+ 5V) 
Test input 

Test input 

Test input 

Read/write clock 

No connection 
Address up/down select 
Test input 

: Data output 

TAS Vcc TEST TEST : Ground (OV) 


1: 
Zz % 
3. 
4: 
Sane 
6: 
7? 
8: 
9: 
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FUNCTIONAL BLOCK DIAGRAM 


ean TEST 
O Vee 
ie 
y, “4 Generator 
Sin U/D oO Vss 


© DIN 
1,048,576 
Data Register VO 
-) Control 
SS O DOUT 
{\ 


Address X-address 
Register Counter 


AO<—- AOL 
~rA0Q ON — K 


[> Y-decoder/sense Amp KI 
Refresh = 


gz ee Counter ; 
Timing Write 
Generator Clock 
Y-address Counter Generator 


Reset Clock 


/\ 


Timer 


ELECTRICAL CHARACTERISTIC 


Absolute Maximum Ratings 


Parameter Rating 
Terminal voltage - 1.0~7.0V 
Output short-circuit current 50 mA 
Power dissipation | Pp | Tanase iW 
Operating temperature | top [| 0~70°C 
a) Storage temperature | tg | - 55~ 150°C 


Recommended Operating Conditions 


(Ta = 0~70°C) 


Parameter Symbol | MIN TYP MAX Unit 


Terminal voltage Vs oO oO ee, V 
"H" input voltage Vin V 
“L” input voltage Vit p -05 | 0 | os V 
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DC Characteristics 
(Vcc = 3.5V~5.5V, Ta =0~70°C) 


Output leakage current ee a 


Supply current — Vcc = 4V, trc = 4s mA 
(in operating state) 
Supply current Icc2 Vcc =4V pA 

(in standby state) 


AC Characteristics 
(Vcc = 3.5V~5.5V, Ta=0~70°C) 


a eae a ve 
t 
arameter Symbo wax. | ni 


Read/write cycle time | tewe | 4000 J ns 
Output turn off delay time | torr ff | ns 
Input signal rise/fall time ns 
RWCK precharge time a ns 
‘SAS precharge time a ee ns 
Address setup time tas Fo fe ns 
Address hold time | te | Of ns 
TAS to RWCK setup time | ts | Of ns 
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AC Characteristics (Continued) | 
— (Veco = 3.5V~5.5V, Ta=0~70°C) 


| - 5 MSM514201 
Parame ter Symbol MIN. 


MAX. Unit 


Read command setup time ters 


oe 
Read command hold time | tary =f 250 | 
Write command setup time ee ee 
Write command hold time | twee =| 50 f= ns 
Write command pulse width | twee ff ons 
ns 


Write command to RWCK lead trwi 50 
time 


Data setup time tps a ae 

AU/D setup time | tus =f of ns 
AUID hold time ee 
AU/D to TAS setup time | tus | of ns 


OO. a Til 


WE = Ne Yi a =, 
S WM]MMTT@€@M!z a Lddldd as 
DOUT sey ee Sale High-z }_—— 
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Address Up/Down Select Mode 


CS 
ee a eae eee are 


a UL. U Ut, U 


| oe ms ca a 


ne a ae 


xnvo Xny 1023 Xn+1Y1 XmyY 1023 xmyY1 Xm-1Y 1023 
xny¥1 Xn+1Y0 XmY 1022 XmyYO0 


PIN FUNCTIONS AND OPERATION MODES 


Serial Address Input (SAD) 


Pin for inputting the read/write starting address-Designation in units of 1024 words is possible. 
The 1,024 address data can be input as 10-bit (A0-A9) serial data from the SAD pin. 


Serial address strobe (SAS) ce 


Pin for the clock used to store the serial address data into the internal register. 


Address transfer strobe (TAS) 


Input pin for setting the serial address data stored in the address register to the internal address 
counter. 


When the TAS falls, and the Y address is set to address 0 in the increment mode or to address 
1023 in the decrement mode. 
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Read/write clock (RWCK) 
Input pin for the data register information read/write clock. 


Internal operation starts at the following edges of RWCK. The information in the data register 
is output to the DOUT pin in the read mode, and the information at the DIN pin is written into 
the data register in the write mode. The internal address counter is automatically incremented 
or decremented also when RWCK falls. 


Write enable (WE) 


Input pin for selecting the read mode, write mode or read modify write mode. 


The read mode is set when WE Is “H”, and the write mode is set when WE is “L”. When WE falls 
from “H" to “L” while RWCK is active, the read modify write mode is set. 


Data input (DIN) 
Input pin for write data. 


The information at the data input pin is stored at the falling edge of RWCK in the write mode, 
and at the falling edge of WE in the read modify write mode. 


Data output (DOUT) 


The data output pin is always in kept in the high impedance state when RWCK or CS is kept at 
“H". When “H” or “L” information is read in the read operation, the output pin is set to “H” or 


“L" and holds the read information until RWCK is again set to "H”. In the early write mode the 
output pin maintains the high impedance state, so I/O common operation by connecting DIN 
and DOUT is possible. 


Address up/down select (AU/D) 
Input pin for selecting the direction of automatic address updating. 


When the TAS signal is input with the AU/D pin set to “H", the internal address counters are set 
to the externally set address for X and to address 0 for Y. Then the address is incremented by 1 
every time RWCK Is input. 


When the TAS signal is input with the AU/D pin set to "L”, the internal address counters are set 
to the externally set address in the same way for X but set to address 1023 for Y. Then the 
address is decremented by 1 every time RWCK is input. In either case, the X address is 
automatically incremented or decremented by 1 when read/write operation for 1024 words 
ends. The AU/D pin setting change its possible in any read/write cycle so long as the timing 
specifications for typs, tupH are Satisfied. 


Chip select (CS) 


Input pin for disabling all input and output pins. This pin enables parallel use of multiple 
MSM514201s by connecting the data input and output pins. 
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~ CROSS 
~ REFERENCE 


LIST 


i} CROSS REFERENCE LIST 


SO oe OY 


DYNAMIC RAM ...........cc eee c sees eee e eee eeeeeeeee ee eee eT ane 765 
STATICRAME 22 sous ticcea enc Seu hiewadeceatinss hace ices noses same 770 
MASKIROM eset tative bie balsa ogee tate Aire mooie eaaeneta is 771 
EPROM -Ssssadit dh ohcnd tent serie ee weet das oc ees ae needa aerate 772 
EPROM (Seal) scircacsasaer hin bedorananieralee used aueeeknotaeen 774 
E PRO Mist cotckasten necttceGut buat ondiwniatecseeesteeeaus encore 774 
OP i nctea Sire ton see theune nr aie he ieee oe nuarucmelaleeeis 775 


S9L 


(Note) Type No. 


120 Package Material 
Access Time (ns) max. 
P: PLASTIC J: PLCC 
G: CERDIP YS: SIMM 
1. DYNAMIC RAM (1/5) C: SIDE-BRAZED KS: SIMP 


Or- Num- 
gani- | ber of 
zation Pin 


Toshiba Mitsubishi Fujitsu 


MB8264A-12 


iso [+ [ro [ro [v0 | re 


MB81 256-10 


100 P 


uPD41256-12 |TMM41256C-12 | M5M4256S-12 | MB81256-12 


[pc | 120 | P 
MB81256-15 


eee 


MB81257-10 
M5M41257-12 


| , iso [| 
MSM41257A-10 
Pwo [es 


MSM41257A-12} HM50257-12 TMS4257-12 


@ 1SI1 3DN3434d35u SSOUD & 


99L 


. DYNAMIC RAM (2/5) 
Bit gani- | ber of Hitachi Texas Motorola Toshiba Mitsubishi 
zation Pin 

| uPD41464C-10. } mB81464-10 | 10 
oe 100 | Ps 
| uPD41464C-12 | 2 TmM41464P-12 
zo [es | v0 [po | 120 | P| 
a 
| 150 | eo | 150 | pa | 180 | Pad 


CMOS | 256K 


er _ 


ae 


nae — 


roe [+ | 0 roo Lr |] 


MS5M4C1000-12)MB81C1000-12 
rao Lr [ao [+ [wo [| 


TC511001-10 |M5M4C1001-10|MB81C1001-10 


LOL 


1. DYNAMIC RAM(3/5) 


Or- 
: E : : 
zation 


MSM511002-10 |HM511002-10 TMS4C 1027-10 TC511002-10 | M5M4C 1002-10 | MB81C 1002-10 
Boers a ee a eal er eee ee ey 


MSM511002-12 |HM511002-12 


P20 [raz | v0 | P [ao [ [0 | e 


1,048,576 
; _ re! 
MSM514256-10 |HM514256-10 TC514256-10 |M5M44C256-10 | MB81C4256-10 
|100 | Psz| 100 | P| | 100 | P | 100 | P | 100] P | 
MSM514256-12 |HM514256-12 7 ae TC514256-12 |M5M44C256-12 | MB81C4256-12 
rosa | gy [2 [P22] 19 | F rao? [wo]? [mle 
: Pf 
CmMos| 1M 


_ 
No 
[e) 


MSM514258-10 |HM514258-10 TC514258-10 | M5M44C258-10 | MB81C4258-10 
Ee eninee Eee 


MSM514258-12 |HM514258-12 


rao [ria] wo] 
ec Ee ac PF ot FE 
x4 MSM514221-6 TMS4C1050-6 
co 


Peeeepe | 1 epee eee 
fc cacao 
1,048, 
x1 


Peete per | | fw ge wr peep we [oe wo 
repartee per | | 
eo [Pz | 80 [ror 


MSM511002A-10 | HM511002A-10 Pf Pe yPD421002-10 | TC511002A-10 |M5M41002A-10 | MB81C 1002-10 


0 
= 
N 
Bm) 
= 
ad 


48,576 20(J) 


@ LSIT 3ON343435y SSOYD & 
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1. DYNAMIC RAM (4/5) 


Or- Num- | 
meee i gani- Oki Hitachi Intel Texas Motorola NEC Toshiba 
urs zation | Pin 


MSM514256A-80 | HM514256A-8 uPD424256-80 | TC514256A-80 
pz | 60 [Param 
262,144 
CMOS| 1M x4 
262,144 


262,144 
x9 
NMOS 
2304k 
262,144 
x8 
264,144 


io” 
@ 
= 
ce) 
> 


Mitsubishi Fujitsu 


M5M44256A-8 - 


MB81C4256-80 


0 
i 
uv 
N 
~ 


C.P 


C.LA.V P.JZ 
uPD424256-10 M5M44256A-10 
100 C.LAV) 100 | P.JZ PILL CP 
uPD424258-80 | TC514258A-80 MB81C4258-80 

C.LA.V i Poz.|- 80: | PIL | CP 
1PD424258-10 | TC514258A-10 MB81C4258-10 
100 |C.LA.V 100 | CP 


MSM514256A-10 
100 | P.J.Z 
MSM514258A-80 
P.J.Z 


HM514258A-8 


a?) 
- 
uv 
N 
ms] 


MSM514258A-10 
100 | P.J.Z 
MSC2304-10 
100 |YS.KS 


Hit 142504-10 | 
| 100 [Par 
MSC2304-12 
120 | YS.KS 
beet 


x 
= 
oO 
rs 
on 
| 
7| > 
Rls 


= 
= 
oO 
—> 
rs 
NO 
me eg 
ce 
7 | > 
—> 
Rls 


MSC2304-15 
150 |YS.KS 
MSC2304-10 
100 | YS.KS 
MSC2304-12 


a 
— 
o1 
@ 
° 
re) 
. 
i) 


120 | YS.KS 
MSC2304-15 
150 
MSC2307-10 


100 | YS.KS 


120 |YS.KS 


HM561003-15 
150 | YS.KS. 


YS.KS 


MSC2307-12 
120 | YS.KS 


MSC2307-15 


YS.KS 


MSC2307-10 


100 |YS.KS 


ie) Ww Ww ie) N 


MB81C4256-10 


@ 1SI1 3ONSY¥S434 SSOUDS 
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DYNAMIC RAM (5/5) 


Or- Num- 
— son gani- | ber of 
zation Pin 


NMOS|2304k w= Ee 
=} aa 

CMOS 

npr | =| al 


MSC2307-12 


| MSC2307-15 | 15 


a = ee a 


| MSC2313-12 12 


| MSC2312-10 | 2-10 


| MSC2312-12 | 12 


# 1SI1 JON3434d49y4 SSOYD# 


= 


STATIC RAM 
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2. 
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MCM60256-10 


MCM6064-10 
MCM6064-12 


CXK5864-12 
CXK5464-45 
fas |e 


Ewee 


188-45 


M5M5165-12 
fio | P 
MSM5165A-15} HM6264-15 | uPD4364-15 | TC5565-15 IM5M5165-15| MB8464-15 | CXK5864-15 


725606785 |MaMe266 86 rT TT 00258 86 
leaeas iby Menie susie ae) eee 


PD43256-10| TC55257-10 | M5M5256 


7 rs 


MSM5188-45| HM6288-45 | u.PD4362-45 
MSM651 
MSM51257L-85 | HM62256-85 | uPD43256-85 


pas |e | os |e | os | 


MSM5165A-10} HM6264-10 | u.PD4364-10 | TC5565-10 M5M5165-10| MB8464-10 | CXK5864-10 


B 
B 


MSM5188-70 uPD4362-70 
S70 EP ene 


120] p | 120} P | 120] P | 120] P 


MSM5165A-12) HM6264-12 | uPD4364-12 | TC5565-12 


MB84256-12 |CXK58256- 


TC55257-12 | M5M5256-12 


12 


uPD43256- 


MSM51257L-12 | HM62256-12 


TC55256-12 


MSM51256-12 


3. MASK ROM 


: Or- | Num- 
Struc- | Total) geni_| ber of Oki Fujitsu 
zation Pin 


MSM3864 
192 
x 
NMOS 


Hitachi Matsushita Mitsubishi 


uPD2364E LH2369 


MSM38128A LH23126 
128k | 18384 | 98 
mol = 
CMOS 


M5M2364 


No 
ol 
Hi 
3 


No 
oO 
o>) 
No 
8 


MN23128 M5M23128 uPD23128A 


200 


N 
a 
oe) 
N 
S 


uPD23256A 


MN23257 M5M23256 


NO 

6/5 
No 
ie) 
NO 
on 

Bi 


HN623257 


N 
S 
| BE 
Q 
O 
N 
on 
oO 


sole 
28 
pPD23C256E SMM6325 LH53257 TC53257 
256k 28 
Piso [+ 


MSM38256 
250 P 
MSM531000 MB831000 HN62321 MN231000 M5M23C100 | wPD23C1000 | SMM23100 LH531000 TC531000C 
28 
x8 
MSM531001 
32 
200 | P 


HN62321A | LH530800 TC531001C 
MSM534000 | MB834100A 
| 200 | P| 
40 


MSM53400A | MB834100A 


MSM534001A | MB834000A 
wo] 
MSM534002A | MB834200A | HN62404 MN234000 
wo[ + [am] [2] + [aw 


No 
on 
Bi 
oO 
EB 
No 
oi 
je) 
No 
o] 
B 
(oy) 
G 


H 
on 
oO 
Hi 
oO 
N 
oO 
N 
8 


4 
1M 


NO 
S 
a 
io) 
a 
io) 


NO 
a 
io) 


HN62304B MN234002 M5M23C401 


M5M23C400 | u.PD23C4000A 
wo |r [ao] 


uPD23C4001E 


LH534300 TC53400F 
re 


NO 
S 
S a 
S o 
NO 
on 
vo 
NO 
oO 
3 


#@ 1S JON3Y4444y SSOYD & 


[ZL 


MSM38256A TMM23256 
150 
256k 
uPD23256 
MSM53256 MB83256 
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CROSS REFERENCE 
4. EPROM 


Struc- tr Organi- ana 
ber of Hitachi intel ATMEL Toshiba Mitsubishi Fujitsu 
ture zation Pin 
| staz76aa | }uwaez7sa | aarean | } amare | | yeon7sao | | mamaresa0 | | siz76aK | | mamares | 
120 
8192x8 150 200 200 200 200 
ce 250 250 250 250 


J wsmari2en | J unaaari2e | | arian | J amarizea | | worri2eo | } seamarr28A0 | | awst27120K | mamars2e | 


16384x8 


32768 x8 


}masma7si2 | narsi2 | | arse | | amarsi2 | } rnz7si20 } stzrsiax | | mamarsi2 | 


120 

65536x8 150 
200 
aoe 
| saz7cas6 | J nnzrcass | | aarcase | | arzrease | urozrcassan | } res72sca0 | } awsnaz7c2s6K | mema7c256a | 

256K 32768 x8 100 120 120 
120 150 
150 170 ed 
200 200 
CMOS 
; | asaa7c256H | warcasen | } ararncass } wss7caser | 
_ eRe ete 
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CLE 


EPROM 


Struc- | Total | Organi- | Num- 
; ; ber of Hitachi Intel ATMEL Toshiba Mitsubishi Fujitsu 
ture Bit zation Pin 
| wstaz71000 | J narciore | aro |  amarcoro | } yeo2rcio010_| | res7i0000 | | msmarcios | } awenaz7ci001 
131072 
120 i 150 120 120 150 
NMOS > 9 1 - 1 ie a 
ee } narciozan | | an | A } ama7ci028 | | arzrciozs 027C1024D }reszio200 | } wswazcro2 } awanaz7cro2e | 
CMOS ee : m } yeo2rciozao_| 
120 85 200 150 120 150 
150 250 170 Bas nd 
200 100 300 200 
262144 
x8 


120 120 
fore —y 
} ysiaz7c2068 | saa7czo2 | 
131072 
120 100 
150 


CMOS 
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PLL 


5. E2PROM (SERIAL) 


Struc- | Total 
ture Bit 


E2PROM 


Struc- | Total 
ture Bit 


; ie 


sist 


ASAHI 
KASEI HYUNDAI 


are rie: 


=< 
n 


M16812 ae 


a a 
o) ro 


Oki XICOR 


MSM28C16A 


: 
Oo 
=) 


= 
n 
= 
N 
co) 
Q 
op) 
rs 
> 
i 
N 
fe) 
i 
o 
rs 


P 


X2816A 2816A 
250 

30 300 

e—"¥ 350 


CAT28C16A | 


150 
200 


| 28ce4 AT28C64 CAT28C64A HN58C65 | uPD28C64C M5M28C64AP| 2864A 
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CLL 


7. OTP 


Struc- Total | Organi- 
ture Bit Jaron Hitachi Intel ATMEL Toshiba Mitsubishi Fujitsu 


| smarsaaze | | paresa | } rwnazasaar 


16384x8 


32768 x8 


65536 x8 


} wsearcassze | } resansear | | msmerczsse_| } mama7c2sear 
_ _ Cdn ee 
| wsmars000ze_| }wzzcror | | resarao0 | } swz7cr00 
131072 
=== MsM27102428 } wswz7cio2e 
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CMOS RAM BATTERY BACK-UP 


A practical example of formation of non- 
volatile data by CMOS static RAM battery 
back-up is outlined below. 


1. System power and battery switching 
circuit 

The simplest RAM power supply (CMOS Vcc) is out- 

lined in Fig. 1. In this case, the CMOS Vcc for normal 

Operation is kept at a voltage 0.7V below the system 


voltage by the voltage drop across a diode (forward 
direction). 


System = Battery 
battery CMOS Vcc — 


| 


- 
¢ 


Fig. 1 


Fig. 2 is an example of use of a chargeable Ni-Ca battery 
as the back-up battery. While the system power is being 
employed, the Ni-Ca battery is gradually charged up via 
Rc. As in Fig. 1, the diode voltage drop also poses a 
problem in this circuit. 


D2 (optional) 
r--Wi--, 


System 5 ; 


battery TTL Vcc 


CMOS Vcc 


D1 
Re 


= Ni-Ca battery 


ar 


Fig. 2 


The conditions for formation of non-volatile data (data 
retention) by battery back-up are listed below. 

(1)) The input signal H level must not exceed Vcc + 
0.3V when the CMOS RAM Vcc power voltage is 
dropped. 

(2) CE (or CS) must maintain CMOS Vcc ‘’H” level. 

(3) In order to minimize power consumption, WE, 
AD, DIN (or t/O) must be set to GND level or to 
the same ‘‘H” level as CMOS Vcc. (This is not 
necessary, however, for CMOS RAMs with chip 
select floating capability). 


Note: CS floating capability 
Power down possible irrespective of other input 
levels when memory has not been selected (i.e. 
when CS = H). 


Consequently, if the TTL Vcc level is greater than the 
CMOS RAM supply voltage, and the RAM driver is at 
the TTL Vcc level, the CMOS RAM input voltage will 
exceed CMOS Vcc + 0.3V (a situation which must be 
avoided). Therefore, in order to reduce the voltage 
difference between CMOS Vcc and TTL Vcc with the 
battery voltage set to at least 4.5V or 4.75V (due to 
the RAM operating supply voltage range), the D2 diode 
may be added to abtain a system voltage level at least 
0.7V above 4.5 ~ 4.75V (which will keep CMOS Vcc 
and TTL Vcc within the respective CMOS and TTL 
operating supply voltage ranges). 

To cope with (1) and (3), a CMOS driver which will also 
operate at a low voltage Vcc during data hold may be 
employed, or else, the open collector and open drain 
buffer may be pulled up to CMOS Vcc in order to drive 
the RAM. 

A control circuit for coping with (2) when an abnormal 
system power supply is detected is also required. 


2. Switching Circuit Modifications 


Modification of the diode switching circuit can employ 
PNP transistors. Voltage drops by PNP transistor VcE 
are smaller by about 0.2V, and this can lead to the 
generation of a system ‘power fail’’ signal. 


System 2N3638 
battery ne 


‘4 Option 


“2n2222| 


Fig. 3 


Fig. 3 outlines a switching circuit employing a PNP 
transistor. The Rc used when a chargeable battery is 
employed is replaced by a diode when a non-chargeable 
battery is used. In this case, switching occurs at the 
zener diode voltage, so ‘power fail’’ must be detected 
by another circuit, and CE set to CMOS Vcc “high” 
level. 
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Figs. 4 and 5 are examples of circuits capable of generat- point being the need for a smooth gradual change in 
ing a POWER FAIL output signal. In these circuits, the CMOS Vcc when the system power is cut. See next page 
C2 capacitance must be rather large, the important for further details. 


TTL Vec 


Syst 
sore CMOS Vcc - 2N2907 or 2SA495 
. 2N2222 or 2SC372 


R2 : 100 
R4 > 47K 
Rec : 200 
Ni-Cad : 3.6V 

(7OmAH) 


Fig. 4 


POWER FAIL signal 


TTL Vec or system Vcc 
1N467A 1K 


3.9V 
System 2N3638 


battery az a CMOS Vcc 
+ | or 70 ; - 
= x MOSFET 7 _ alee 
2N- co | 


2N2222 geee care 
500mAH 


200 


Fig. 5 


5V 


4.5V ee Determined by Cr 


Example. 
3V > 2.0V 


System battery qQ 
: CMOS Vcc 


CMOS Vcc 
-0.1 ~ 0.2V 
2 1.5V 


Fig. 6 


3. Data Retention Mode 


The RAM driver (peripheral circuit) is determined 
according to conditions (1) and (3) required for data 
retention. In Oki Electric CMOS RAMs, the power 
voltage during data retention is kept at a minimum of 
2.0V. The CE (or CS) voltage at this time has to be kept 
at about Vcc -0.2V. And as was mentioned earlier, the 
CMOS Vcc must drop smoothly when the system power 


Operation mode 


CMOS Vcc 5V + 10% 


E input VTH = 
Vcc — 2.0V 
(MIN) 


Other inputs Vy, = 
0.8V (MAX) 


GND — ——— — 
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is cut until it reaches the power voltage for data reten- 
tion (practically equivalent to the battery voltage, or 
else reduced by the diode voltage drop). And although 
CE traces the slope of CMOS Vcc reduction at this time, 
a smooth change in CE is also a necessary condition for 
actual circuits. 

(4) When switching to retention mode, or from reten- 
tion mode to operation mode, CE must exhibit a 
smooth change. If noise is generated in CE in this case, 
the data will be subject to rewriting. 


— Data retention mode 


| Must be free of noise 
(RAMP waveform) 


eV (MIN) 


Vcc — 0.2V 
}——_—-—— 0.5V (MAX) 


Fig. 7 


(5) When switching to operation mode, commence 
operation after elapse of tr (read cycle time) following 


Data 
retention 
mode 


CMOS Vcc 


May be longer 


Vcc reaching the Operating power voltage range. 


Operation 


od 
mows CMOS Vee = 5V +10% 


—— VjH = Vee — 2.0V 
2.5V = 1/2Vcc (MIN) 


CE Vi = 0.8V (MAX) 
———-—-GND 


tRCc min. 


Fig. 8 
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4. Interfacing 


A) TTL Interface 
In the case of CMOS RAM drive by TTL, use an open- 
collector type TTL according to conditions (1) and (3). 


TTL Vee 


When the system power line (i.e. TTL Vcc) is cut, the 
open-collector TTL Q2 in Fig. 9 is turned off, followed 
by Q1 also being turned off, resulting in the CMOS 
RAM input being pulled-up to CMOS Vcc. 


Switching circuit 


System power line 
or TTL Vcc 


Fig. 9 


When the power line voltage in LS type TTL is dropped 
to ground, the output is also dropped to ground, 
thereby making the pull-up resistors for address line 
buffers etc no longer necessary. In this case, however, it 
will not be possible to employ this as a control line 
buffer which must be switched to “high” during CE (or 
CS) data retention. 

(6) In order to minimize the consumption current 
during data retention, all inputs except CE (or CS, this 
being designated as either ‘‘high’’ or ‘‘low’’) must be 


maintained at either GND or CMOS Vcc. (This does 
not apply, however, for CMOS RAMs equipped with CS 
floating function). 


B) CMOS Interface 

In systems where the CMOS RAM is driven by CMOS 
buffer, operation must be at the data retention power 
voltage, and the corresponding output voltage must 
satisfy the requirements indicated in Figs. 7 and 8. 


Fig. 10 


5, Miscellaneous 


In order to further reduce power consumption during 
data retention by even a small margin, the use of a MOS 
FET as the transistor generating the POWER FAIL 
output signal is recommended. This is in order to 
prevent flow of current from the 14k2 resistor. 
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APPLICATION NOTE OF KANJI GENERATION 
MASK ROM 


1. KANJI GENERATION MEMORIES 


MSM38256-19 

N JIS standard No. 1 OKI gothic 
MSM38256-22 
MSM38256-32 

N JIS standard No. 2 OKI gothic 
MSM38256-35 

256K bits 
2 


MSM3 8256-10 


JIS new 
standard 
character style 
C6234-1983 


MSM38256-18 


MSM3 8256-38 
5Ons | scan 
MSM38256-46 


MSM531000-11 


7 OKI gothic 
MSM531000-12,13 


Nery 000-05 JIS new standard 


No. 1 JIS new 
MSM531000-07 standard 


character style 
ee 000-08 JIS new standard C6234-1983 


No. 2 


Middle speed memories 


MSM531000-10 
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2. MSM38256 SERIES 
2-1 15x 16 Font 


(1) Model names 

MSM38256-19~22 (four codes); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) 
MSM38256-32~35 (four codes); JIS standard No. 2 (3,384 characters) 

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 
active at “LOW”. 


(2) Split character patterns, and their storage 
@ Split character patterns 


*The character patterns are standard OKI 
character patterns. 

* Each character consists of two chips. 

*Character data is generated at high level, and 
background data is generated at low level. 

-Character data is stored in a 16 x 16 dot 
pattern area, left-justified. 


- ¢Each group of four chips forms one set to 
(K = 1024) store about 4K characters. 
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(3) Address code conversions 
Convert the address code as indicated below to access character patterns with the kanji codes JIS 6226 and JIS 6220. 


Pe [6 [6 Arca [Aw [Av [An [Ao [As [As [Ar [As [A [A 
Non-kani sections ~16) +f 011 | 0 | ¥r [¥e[¥% |x |% [0 [0 |¥%s | [¥s |[¥ [Vs | 


is sara. Han ecins =a) [oP 11 [x [xe bee [x [x [ve |e [ve [vs 
[38 sandra. ai sectns 247" | 1 [0 [0 [% [x [xs [x 
[38 sande 2anifsecions 609" | 1 fo [1 [5 |x. be [x [x] |e [ve [vs 
a8 sande. Zhan ccsns ea =79) | 1 Pt Po |G [xe bes [x [x [ee [ve [ve [ve [oe [ve 
[Issn Zhan secuns e020" | 1 [LL [ve be fx [x [0 Lo [ve [ve [ve [ve [ve 


* Use A,, as a CE control signal because it is not supported as a ROM address. (For further details, see the circuit 
example.) 


(4) 15 x 16 font circuit configuration example 


Kanji code 


ao 
oo 

- 
ro 


Address 
converter 


Byte2 Y,~Y 


String address =) 
inacharacter CE|CE| JIS standard as 
cE No. 1 ROM 

module 


© JIS standard 
No.2 ROM 
module 


Conversion 
rule choice 


= JIS standard No. 1 
3 ROM select 
® 
DB lenur~eeul | “---- JIS stan- 
ye] 
a 
i JIS standard No. 2 ROM select 
ae) 
8 JIS stan- 
dard No. 2 
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2-1 24x 24 Font 


(1) Model names 

MSM38256-10~18 (nine codes); JIS new standard No. 1 (2,965 characters) + Non-kanji (624 characters) + Half-size 
characters (159 characters). 

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 
active at “LOW”. 


| (2) Split character patterns, and their storage 
| e@ Split character patterns 


*The character patterns are standard JIS 
character patterns. 

* Each character consists of nine chips. 

-Character data is generated at high level, and 
background data is generated at low level. 


Le ETE 


e Storage 


S[isieranane [toon ? 


(K = 1024) 


Lae characters 
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(3) Address code conversions 
Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 


ee SS eee samen 
Type of character 


0 | ¥r | Yo | Xs | Xe | % | 0 
1 1% | % | % 
0 | 
ea ea 
(0 
el 
Si 


Lone 

po fa 

JIS standard No. 1 kanji (sections 32 ~ 47) Pal, 

JIS standard No. 2 kanji (sections 48 ~ 63) tiles 
1 [1/0 |x 
i EL 2 |X| oo 
sie 


Half size character 


(4) 24 x 24 font circuit configuration example 


Font data 


Byte 1X,~X, 


Byte2Y,~Y, 


Conversion 
rule choice — 


Kanji code 


Address 
converter 


String address 
in a character 
C_cs 
Chip select 


JIS standard 
No. 1 ROM 
module 


JIS standard No. 2 
ROM module 


Half-size font 
specification 


_-77Half-size 
characters 


. e JIS standard No. 1 

o 3 & ROM select 

® x 

a 3 ~~. JIS standard 
70H~77H OO) 


JIS standard No. 2 ROM select 


v 
JIS standard 
No. 2 


787 


: = APPLICATIONS = 


3. MSM531000 SERIES 
3-1 15 x 16 Font 


(1) Model names 
MSM531000-11RS (one code); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + Half-size - 
character (204 characters) + Special character (200 characters) 


(2) Split character patterns, and their storage 
® Split character patterns 


Aig =O Aig = 1 
Blalelsia(sials ‘The character patterns are standard OK|I 
7 3}2}1 character patterns. 
aszee * Each character consists of one chip. 
-Character data is generated at high level, and 


background data is generated at low level. 
‘Character data is stored, right-justified. 


pO ;i{o| oT My | 
LO;1;oO| tl | My 
}1{1}] ol] | mt 


(3) Address code conversions 
Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 


JIS standard No. 1 kanji (sections 16 ~ 31) 


Half size character 
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3-2 15x 16 Font 


(1) Model names 
MSM531000-12, 13RS (two codes); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + JIS 
standard No. 2 (3,388 characters) + Special graphic characters (404 characters) + IBM kanji (360 characters) 


(2) Split character patterns, and their storage 
@ Split character patterns 


531000-12 531000-13 


*The character patterns are standard OKI 
character patterns. 

* Each character consists of two chips. 

‘Character data is generated at high level, and 
background data is generated at low level. 

- Character data is stored, right-justified. 


(3) Address code conversions 
Convert the address code as indicated below to access the character patterns with the kanji code of JIS 6226. 


ison emia ameter 


| Non-kanji(sections1~15) | 0 1 | 0 | x | ¥y | Ye [Xs [Xe |X| 0 [0 | ¥s [Ye |¥s 
JIS standard No. 1 kanji (sections 16~31) | 0] 1 | 1 |X, |X | X+| Xo [Xo |X | ¥ [Ye | Ys v7 
Ronse twametere 1 (eisiete aint suc 


et CE 2 
[aS saad. 2iaiecones4= 79 [1 | Po [mr [x Pa [x 1 [Ms [ve 
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3-3 24x 24 Font 


(1) Model names 

MSM531000-05~07 (three codes): JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + half-size 
characters (159 characters) 

MSM531000-08~10 (three codes): JIS standard No. 2 (3,388 characters) 


(2) Split character patterns, and their storage 
@ Split character patterns 


iss] 
rSo| 


© The character patterns are in accordance with 
the requirements of JIS C6234. 

@ Each character consists of three chips. 

e Character data is generated at high level, and 


| 
a 
a 
| 
_| . 

a background data is generated at low level. 


PT So) 


HAE H HAP eeleleteleleletstelelo bebe] > | 
PEREEEEEe te ee Hr tr et beleleeble| > 
HeL-lolofetol-l-L-|-lofojolol-|-|-lolofolo|-|-|--fefofofo] > | 


(3) Address code conversions 
Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 


Half size character 
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NOTICE 


1. The information contained herein can change without notice 
owing to product and/or technical improvements. Please make 
sure before using the product that the information you are 
referring to is up—to—dated. 


2. The outline of action and examples of application circuits 
described herein have been chosen as an explanation of the 
standard action and performance of the product. When you 
actually plan to use the product, please ensure that the outside 
conditions are reflected in the actual circuit and assembling 
designs. 


3. NO RESPONSIBILITY IS ASSUMED BY US FOR ANY CON- 
SEQUENCE RESULTING FROM ANY WRONG OR IMPROPER 
USE OR OPERATION, ETC. OF THE PRODUCT. 


4. Neither indemnity against nor license of a third party's indus- 
trial and intellectual property right, etc. is granted by us in 
connection with the use of the product and/or the information 
and drawings contained herein. No responsibility is assumed 
by us for any infringement of a third party's right which may 
result from the use thereof. 


5. The product described herein falls within the category of 
strategical goods, etc. under the Foreign Exchange and Foreign 
Trade Control Law. Accordingly, before exporting the product 
you are required under the Law to file the application for the 
export license by the Japanese Government. 


6. No part of the contents contained herein may be reprinted 
or reproduced without our prior permission. 


7. MS-DOS is a registered trademark of Microsoft Corporation. 
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